A Drifter Study of Advection, Deformations, and Patch Variances With Application to Larval Transport and Dispersal in Barataria Bay, Louisiana. by Schaefer, Terry L
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
2001
A Drifter Study of Advection, Deformations, and
Patch Variances With Application to Larval
Transport and Dispersal in Barataria Bay, Louisiana.
Terry L. Schaefer
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Schaefer, Terry L., "A Drifter Study of Advection, Deformations, and Patch Variances With Application to Larval Transport and
Dispersal in Barataria Bay, Louisiana." (2001). LSU Historical Dissertations and Theses. 248.
https://digitalcommons.lsu.edu/gradschool_disstheses/248
INFORMATION TO USERS
This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer.
The quality o f th is reproduction is  dependent upon the quality o f the 
copy subm itted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction.
In the unlikely event that the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the-deletion.
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and continuing 
from left to right in equal sections with small overlaps.
Photographs included in the original manuscript have been reproduced 
xerographically in this copy. Higher quality 6” x 9” black and white 
photographic prints are available for any photographs or illustrations appearing 
in this copy for an additional charge. Contact UMI directly to order.
ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
A DRIFTER STUDY OF ADVECTION, DEFORMATIONS, AND 
PATCH VARIANCES WITH APPLICATION TO LARVAL 
TRANSPORT AND DISPERSAL IN BARATARIA BAY, LOUISIANA
A Dissertation
Submitted to the Graduate Faculty o f the 
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment o f the degree of 
Doctor o f Philosophy
in
The Department of Oceanography and Coastal Sciences
by
Terry Schaefer 
B.S., Humboldt State University, 1978 
M.S., The University of West Florida, 1996 
May, 2001
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
UMI Number: 3010381
___  ®
UMI
UMI Microform 3010381 
Copyright 2001 by Bell & Howell Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code.
Bell & Howell Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ACKNOWLEDGMENTS
I  would like to thank the Coastal Fisheries Institute, Rockefeller State Wildlife 
Scholarship, the family o f Joseph Lipsey, Sr., Department o f Oceanography and Coastal 
Sciences, and the Louisiana Universities Marine Consortium for their financial support 
during this study. I would like to thank Louisiana Sea Grant for their support o f this 
research.
I  would like to thank Drs. Paul Sammarco, Bob Camey, E. Barry Moser, and 
John Fleeger for their willingness to serve as members o f my academic committee and 
for their advice during my graduate studies. I would like to express my special thanks to 
Drs. James Power and Masamichi Inoue for their willingness to serve as my academic 
co-advisors and providing me with their expertise.
Ashley Stokes-Holm, Dean Goodin, Steven Bellelo, Michelle Townsend, Stephen 
Igou, Charles Criscione, Michael Burger, Perry Lopez, provided essential field and 
laboratory support over the duration o f  this study.
I would like to express my appreciation to the staff of the Louisiana Department 
o f Wildlife and Fisheries Lyle S. St. Amant Marine Biological Laboratory for the use o f 
their facilities during the field research and the Oregon State University Hatfield Marine 
Science Center for the use o f their facilities during the writing o f my dissertation.
ii
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE OF CONTENTS
ACKNOW LEDGM ENTS............................................................................................................ii
LISTOFTABLES............................................................................................................................v
LIST OF FIGURES........................................................................................................................vii
ABSTRACT....................................................................................................................................xii
CHAPTER 1: INTRODUCTION.................................................................................................1
IMPORTANCE OF PHYSICAL PROCESSES
FOR LARVAL RECRUITMENT WTTHINESTUARIES......................................1
EFFECTS OF TOPOGRAPHY AND BATHYM ETRY........................................3
INTERACTION OF LARVAE W ITH THE FLOW  FIELD.............................. 4
PURPOSE OF STUDY.....................................................................................................6
EARLY LIFE HISTORY OF BLUE CRAB...............................................................6
PHYSICAL SETTING AND M ETEOROLOGY.................................................... 9
CHAPTER2: PATTERNS OF APVECTION...................................................................... 11
INTRODUCTION............................................................................................................11
STUDY AREA.................................................................................................................. 11
MATERIALS AND METHODS..................................................................................16
Drifter Design....................................................................................................... 16
Drifter Tracking................................................................................................... 18
Calculations of Mean Advection and M ean Current Speeds...................21
RESULTS AND DISCUSSION....................................................................................24
Bay Batiste............................................................................................................24
Hackberry Bay....................................................................................................34
Barataria Bay..................................................................................................... 45
CONCLUSIONS.............................................................................................................. 72
Bay Batiste............................................................................................................ 72
Hackberry Bay....................................................................................................73
Barataria Bay.......................................................................................................74
CHAPTER3: PATTERNS OF DISPERSION...................................................................... 78
INTRODUCTION.......................................................................................................... 78
Divergence............................................  79
Vorticiy..................................................................................................................80
Stretching Deformation......................................................................................80
Shearing Deformation...................................................................................... 81
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
MATERIALS AND METHODS................................................................................. 82
Drifter Design and Drifter Tracking............................................................. 82
Calculations o f Deformations and
Increases in Patch Variances and Covariance...........................................82
RESULTS AND DISCUSSION...................................................................................85
Deformations and
Increases in Variances and Covariance........................................................ 86
BayBatisite......................................................................................................... 89
Hackberry Bay.................................................................................................. 113
Barataria Bay....................................................................................................129
CONCLUSIONS...........................................................................................................163
Possible Sources o f Error and Their Consequences................................164
CHAPTER 4: SETTLEMENT OF BLUE CRAB MEGALOP AE..................................166
INTRODUCTION........................................................................................................166
MATERIALS AND M ETHODS..............................................................................168
Drifter T  racking.............................................................................................. 169
Fixed Sam pling Sites...................................................................................... 172
Meteorological Data.........................................................................................175
RESULTS....................................................................................................................... 175
DISCUSSION................................................................................................................. 185
CONCLUSIONS...........................................................................................................190
CHAPTER 5: SUM M ARY AND FUTURE STUDIES.....................................................191
SUMMARY....................................................................................................................191
RECOMMENDATIONS FOR FUTURE STUDIES..........................................193
LITERATURE CITED.............................................................................................................195
VITA............................................................................................................................................. 202
iv
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF TABLES
3.1. Mean horizontal divergence by tidal phase in s'1 by tracking session.
Standard deviations are in parenthesis. Initial tidal phase was flood
tide for tracking sessions conducted in the lower section of Barataria Bay 
and ebb tide for all other tracking sessions. *Results not presented 
due to too small number o f observations........................................................................ 91
3.2. Mean stretching deformation rate by tidal phase in s'1 by tracking session.
Standard deviations are in parenthesis. Initial tidal phase was flood tide 
for tracking sessions conducted in the lower section o f Barataria Bay and 
ebb tide for all other tracking sessions. ^Results not presented due to
small number o f observations........................................................................................... 92
3.3. Mean shearing deformation rate by tidal phase in s‘l by tracking session.
Standard deviations are in parenthesis. Initial tidal phase was flood tide 
for tracking sessions conducted in the lower section of Barataria Bay and 
ebb tide for all other tracking sessions. *Results not presented due to
small number of observations........................................................................................... 93
3.4. Mean relative vorticity by tidal phase in s'1 by tracking session. Standard 
deviations are in parenthesis. Initial tidal phase was flood tide for tracking 
sessions conducted in the lower section o f Barataria Bay and ebb tide for 
all other tracking sessions. *Results not presented due to too small
number of observations....................................................................................................94
3.5. Mean increase in patch variance in the a direction (Bj) by tidal phase in m2 
by tracking session. Standard deviations are in parenthesis. Initial tidal 
phase was flood tide for tracking sessions conducted in the lower section 
o f Barataria Bay and ebb tide for all other tracking sessions. ^Results not 
presented due to small number o f observations.............................................................95
3.6. Mean increase in patch variance in the b direction (B3) by tidal phase in m2 
by tracking session. Standard deviations are in parenthesis. Initial tidal 
phase was flood tide for tracking sessions conducted in the lower section 
o f Barataria Bay and ebb tide for all other tracking sessions. *Results not 
presented due to small number o f observations.............................................................96
3.7. Mean increase in patch covariance ([Bj) in m2 by tidal phase for tracking 
sessions. Standard deviations are in parenthesis. Initial tidal phase was
flood tide for tracking sessions conducted in the lower section of Barataria Bay
and ebb tide for all other tracking sessions. *Results not presented due to
small number of observations....................................................................................... 108
v
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4.1. Salinity data for drifter tracking sessions conducted in the Barataria Basin.
Salinity was not measured during tracking sessions 8, 14, and 15, due to 
equipment failure. An asterisk indicates a settlement pulse.......................................187
4.2. Salinities measured at Live Oak Bay and Mendicant Island during
sampling periods in June, July, and August 1995 and June 1996. Salinity 
was not measured 6/24 - 6/27/95 and 6/6/96 due to equipment failure.
Salinity was measured by ocular analysis using a refractometer 8/7/95 - 8/12/95. 
Asterisks indicate a settlement pulse...........................................................................
vi
188
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF FIGURES
2.1. Location ofBaratariaBay, Louisiana.................................................................................12
2.2. Map ofBaratariaBay, Louisiana.........................................................................................13
2.3. Map ofBay Batiste..............................................................................................................14
2.4. Map ofHackberry Bay........................................................................................................15
2.5. Map ofthe main basin o f Barataria Bay............................................................................ 17
2.6. Surface current drifter used for
tracking sessions conducted in Barataria Bay, LA........................................................ 19
2.7. Drifter trajectories for tracking sessions conducted in Bay Batiste.
Shoreline does not reflect recent changes due to erosion and subsidence....................27
2.8. Wind velocity and direction recorded at a Coastal-Marine 
Automated Network (C-MAN) station located at Grand Isle, LA 
from 1 July to 19 September 1994. The occurrence o f drifter
tracking sessions 7-11 are indicated............................................................................... 28
2.9. Wind velocity and direction recorded at a Coastal-Marine 
Automated Network (C-MAN) station located at Grand Isle, LA 
from 8 April to 26 August 1995. The occurrence o f drifter
tracking sessions 12-18 and 20 are indicated................................................................33
2.10. Drifter trajectories for tracking sessions conducted in Hackberry Bay.
Shoreline does not reflect recent changes due erosion and subsidence.................... 35
2.11. Drifter trajectories for tracking sessions conducted in the upper 
section o f Barataria Bay. Shoreline does not reflect recent changes
due erosion and subsidence.....................................................................................  47
2.12. Drifter trajectories for tracking sessions conducted in the lower 
section o f Barataria Bay. Shoreline does not reflect recent changes
due erosion and subsidence........................................................................................... 56
2.13. Wind velocity and direction recorded at a Coastal-Marine 
Automated Network (C-MAN) station located at Grand Isle, LA 
from 17 May to 16 June 1996. The occurrence o f drifter
tracking sessions 21 and 22 are indicated................................................................... 69
vii
Reproduced with permission o fthe copyright owner. Further reproduction prohibited without permission.
3.1. Horizontal divergence and stretching deformation rate in s'1 versus elapsed
time for tracking session 7. Tidal phase is indicated along the x-axis.......................97
3.2. Increase in variances (JBl and B3) and covariance (B^) in m2 versus elapsed
time for tracking session 7. Tidal phase is indicated along the x-axis...................... 99
3.3. Drifter trajectories for tracking sessions conducted in Bay Batiste. Shoreline
does not reflect recent changes due to erosion or subsidence...................................101
3.4. Horizontal divergence and stretching deformation rate in s'1 versus elapsed
time for tracking session 8. Tidal phase is indicated along the x-axis......................102
3.5. Shearing deformation rate and vorticity in s'1 versus elapsed time for
tracking session 8. Tidal phase is indicated along the x-axis.................................... 103
3.6. Increase in variances (Bv and B3) and covariance (B J  in m2 versus elapsed
time for tracking session 8. Tidal phase is indicated along the x-axis......................105
3.7. Shearing deformation rate and vorticity in s*1 versus elapsed time for
tracking session 12. Tidal phase is indicated along the x-axis.................................109
3.8. Horizontal divergence and stretching deformation rate in s‘l versus elapsed
time for tracking session 12. Tidal phase is indicated along the x-axis....................110
3.9. Increase in variances (Bx and Bz) and covariance (B ^  in m2 versus elapsed
time for tracking session 12. Tidal phase is indicated along the x-axis.................. 111
3.10. Horizontal divergence and stretching deformation rate in s'1 versus elapsed
time for tracking session 11. Tidal phase is indicated along the x-axis................ 115
3.11. Shearing deformation rate and vorticity in s'1 versus elapsed time for
tracking session 11. Tidal phase is indicated along the x-axis...............................116
3.12. Increase in variances (Bl and Bz) and covariance (B ^  in m2 versus elapsed
time for tracking session 11. Tidal phase is indicated along the x-axis................ 117
3.13. Drifter trajectories for tracking sessions conducted in Hackberry Bay.
Shoreline does not reflect recent changes due to erosion or subsidence............... 118
3.14. Horizontal divergence and stretching deformation rate in s'1 versus elapsed
time for tracking session 17. Tidal phase is indicated along the x-axis................ 121
Reproduced with permission o fthe copyright owner. Further reproduction prohibited without permission.
3.15. Shearing deformation rate and vorticity in s'1 versus elapsed time for tracking 
session 17. Tidal phase is indicated along the x-axis...................................  122
3.16. Increase in variances (Bl and B3) and covarinace in m2 versus elapse=d
time for tracking session 17. Tidal phase is indicated along the x-axis..................123
3.17. Increase in variances (Bt and B3) and covarinace (fij) in m2 versus elapse=d
time for tracking session 20. Tidal phase is indicated along the x-axis..................125
3.18. Horizontal divergence and stretching deformation rate in s*1 versus elapsed
time for tracking session 20. Tidal phase is indicated along the x-axis.................. 127
3.19. Shearing deformation rate and vorticity in s'1 versus elapsed time for
tracking session 20. Tidal phase is indicated along the x-axis.................................128
3.20. Drifter trajectories for tracking sessions conducted in upper section 
o f Barataria Bay. Shoreline does not reflect recent changes due to
erosion and subsidence..................................................................................................131
3.21. Horizontal divergence and stretching deformation rate in s'1 versus elapsed
time for tracking session 9. Tidal phase is indicated along the x-axis.................... 132
3.22. Shearing deformation rate and vorticity in s'1 versus elapsed time for tracking 
session 9. Tidal phase is indicated along the x-axis....................................................133
3.23. Horizontal divergence and stretching deformation rate in s'1 versus elapsed
time for tracking session 10. Tidal phase is indicated along the x-axis.................. 135
3.24. Shearing deformation rate and vorticity in s'1 versus elapsed time for tracking 
session 10. Tidal phase is indicated along the x-axis..................................................136
3.25. Increase in variances (2?t and Z?3) and covarinace (B-^ in m2 versus elapse=d
time for tracking session 10. Tidal phase is indicated along the x-axis.................. 137
3.26. Increase in variances (Bl and B3) and covarinace (B2) in m2 versus elapsed
time for tracking session 13. Tidal phase is indicated along the x-axis...................140
3.27. Horizontal divergence and stretching deformation rate in s'1 versus elapsed
time for tracking session 13. Tidal phase is indicated along the x-axis................... 141
3.28. Shearing deformation rate and vorticity in s'1 versus elapsed time for
tracking session 13. Tidal phase is indicated along the x-axis.................................. 142
ix
Reproduced with permission o fthe copyright owner. Further reproduction prohibited without permission.
3.29. Drifter trajectories for tracking sessions conducted in lower Barataria Bay.........144
3.30. Increase in variances (Bt and B3) and covarinace (Bj) in m2 versus elapsed
time for tracking session 16. Tidal phase is indicated along the x-axis.................146
3.31. Horizontal divergence and stretching deformation rate in s'1 versus elapsed
time for tracking session 16. Tidal phase is indicated along the x-axis..................149
3.32. Horizontal divergence and stretching deformation rate in s '1 versus elapsed
time for tracking session 18. Tidal phase is indicated along the x-axis..................152
3.33. Shearing deformation rate and vorticity in s'1 versus elapsed time for
tracking session 18. Tidal phase is indicated along the x-axis.................................153
3.34. Increase in variances (B3 and B3) and covariance (Bj) in m2 versus elapsed
time for tracking session 18. Tidal phase is indicated along the x-axis.................. 154
3.35. Shearing deformation rate and vorticity in s'1 versus elapsed time for
tracking session 21. Tidal phase is indicated along the x-axis.................................157
3.36. Increase in variances (B, and B3) and covariance (B^) in m2 versus elapsed
time for tracking session 21. Tidal phase is indicated along the x-axis..................158
3.37. Horizontal divergence and stretching deformation rate in s'1 versus elapsed
time for tracking session 22. Tidal phase is indicated along the x-axis..................160
3.38. Shearing deformation rate and vorticity in s'1 versus elapsed time for
tracking session 22. Tidal phase is indicated along the x-axis.................................161
3.39. Increase in variances (B , and B3) and covariance (B ^  in m2 versus elapsed
time for tracking session 22. Tidal phase is indicated along the x-axis..................162
4.1. Diagram o f artificial settlement substrates attached to drifter.................................... 170
4.2. Location o f fixed sampling sites and the Grand Isle Coastal-Marine
Automated Network (C-MAN) station........................................................................ 173
4.3. Diagram o f standard cylindrical artificial settlement substrates
used at fixed sampling sites............................................................................................174
4.4. Mean settlement of blue crab megalopae during tracking sessions.
Asterisk indicates a settlement pulses.......................................................................... 177
x
Reproduced with permission o fthe copyright owner. Further reproduction prohibited without permission.
4.5. Mean settlement of blue crab megalopae per day from June 24 to 
June 28, 1995 at Grand Bank Bayou and Mendicant Island
fixed sampling sites.......................................................................................................178
4.6 Mean settlement o f blue crab megalopae per day from July 13 to
July 17, 1995 at Live Oak Bay and Mendicant Island fixed sampling sites.
Asterisks indicate settlement pulses............................................................................. 179
4.7. Mean settlement of blue crab megalopae per day from August 8 to 
August 12, 1995 at Live Oak Bay and Mendicant Island fixed sampling sites. 
Asterisks indicate settlement pulses............................................................................ ISO
4.8. Mean settlement o f blue crab megalopae per day from June 5 to
June 9, 1996 at Live Oak Bay and Mendicant Island fixed sampling sites.............. 181
4.9. Drifter trajectories for tracking sessions conducted in 
Bay Batiste. Shoreline does not reflect recent changes
due to erosion and subsidence...................................................................................... 182
4.10. Drifter trajectories for tracking sessions conducted in 
Hackberry Bay. Shoreline does not reflect recent changes
due to erosion and subsidence....................................................................................183
4.11. Drifter trajectories for tracking sessions conducted in the lower 
section of Barataria Bay. Shoreline does not reflect recent changes
due to erosion and subsidence...................................................................................184
4.12. Wind velocity and direction recorded at a Coastal-Marine Automated 
Network (C-MAN) station located at Grand Isle, LA from 8 April to 
26 August 1995. Drifter tracking sessions and megalopal sampling
periods at fixed sampling stations are indicated.......................................................186
xi
Reproduced with permission o fthe copyright owner. Further reproduction prohibited without permission.
ABSTRACT
Field studies were conducted to characterize flow fields and their effect on larval 
transport and retention within Barataria Bay, Louisiana. Drifter tracking and passive 
larval sampling was conducted monthly during the spring and summer months from 1994 
through 1996. Fifteen drifter tracking sessions were conducted over full tidal cycles 
(diurnal). Drifter positions were determined approximately every thirty minutes using a 
GPS receiver. A spline interpolation was used to estimate drifter positions at 
synchronous five-minute intervals. An analytical methodology o f  Okubo and coworkers 
was used to compute deformations; and changes in patch variances from the drifter 
positions. Mean tidal advection and current speeds for each tracking session were also 
calculated. Blue crab (Callinectes sapidus) was selected as a model species and artificial 
substrates were used to sample blue crab megalopae during tracking sessions and at 
three fixed locations within Barataria Bay.
Maximum tidal excursion exceeded 9,400 m. Tides appear to be the most 
important factor in larval advection, but wind forcing appears to be important in altering 
the direction o f advection and the encounter rates with the shoreline. Coastal 
topography and bathymetry also altered the direction of tidal advection and increased 
deformation rates. Passive larvae within 3 km o f the tidal passes at the start o f an ebb 
tide are at risk of exportation to the Gulf of Mexico. Maximum current speeds were 8- 
33 cm s'1 in the upper embayments, and 16-41 cm s'1 in the main section o f Barataria 
Bay. The order of magnitude was lO'MO"4 s'1 for mean horizontal divergence and mean 
stretching deformation; I O'7- 1 O'4 s'1 for mean shearing deformation rates; and lO'MO"4 s‘l
xii
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for mean relative vorticty. Mean increases in the patch variances were <1-4 m per 
five-minute time interval. M ost blue crab megalopal settlement occurred in July and 
August in low and intermediate salinities. Settlement was episodic in both time and 
space with over 85 % o f the settlement at fixed sampling sites occurring in only 30% of 
the sampling time and at only one site, and 79 % o f  the settlement during tracking 
sessions occurring in just a single tracking session.
Xlll
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CHAPTER 1: INTRODUCTION  
IMPORTANCE OF PHYSICAL PROCESSES FO R  
LARVAL RECRUITM ENT W ITHIN ESTUARIES
Many marine animals exhibit high fecundities and provide little if  any parental 
care for their offspring. The offspring begin life as small planktonic larvae that must 
meet nutritional requirements and avoid predators. Estuarine-dependent species 
commonly have planktonic larvae that are dispersed in neritic waters, but at some future 
time must occupy estuarine nursery habitats. While biotic factors (predation and 
feeding) affecting survivorship are important, physical processes are also fundamental 
determinants of population size for many estuarine-dependent species. Physical 
processes are important in determining: 1) whether larvae are transported to an estuary; 
2) how far they will be transported within an estuary; 3) whether they will be retained 
within the estuary; and 4) if  they will find suitable estuarine nursery habitat for 
settlement.
Four important physical processes that drive water circulation and mixing within 
estuaries are density (buoyancy), wind, tides, and freshwater inflow (Fischer et al. 1979, 
Ward 1980). A horizontal density gradient results from an increase in salinity from the 
head to the mouth o f an estuary which can vary with depth (Bowden 1963). Wind- 
driven currents are a result of local wind forcing over the water surface o f the estuary 
and the wind set-up or set-down that results from wind stress over the surface o f the 
water over the shelf outside the estuary (Inoue and Wiseman 2000). Winds have a 
strong influence on the flushing o f shallow estuaries, where the shallow depths
1
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accentuate the influence o f wind stress relative to the effect o f the horizontal density 
gradient (Geyer 1997). Estuaries along the northwestern Gulf o f Mexico are 
characteristically shallow with low tidal amplitudes (Manner 1954, Zetler and Hansen 
1970) and strong winds.
Along the Atlantic coast o f the United States, it appears that wind events may be 
largely responsible for onshore transport o f blue crab postlarvae (megalopae) (Goodrich 
et al. 1989). On the Gulf coast, the pattern of atmospheric frontal passages during the 
winter appears to be a key process controlling the influx (and possible efflux) o f 
organisms into estuaries. Meteorological events such as wind and accompanied volume 
fluxes also have strong implications for within-estuary transport. Goodrich et al. (1989) 
found that megalopal abundance within the tributaries of Chesapeake Bay was not 
steady, but occurred in pulses. They found that 12 of 16 pulses were associated with 
meteorologically-driven inflows. Little and Epifanio (1991) found that peaks in blue 
crab megalopal abundance were significantly associated with periods o f coastal forcing 
into Delaware Bay.
Water dispersion in estuaries has been treated in terms o f shear dispersion due to 
velocity shear and turbulence (Bowden 1967, Csanady 1973), and a study by Awaji 
(1982) demonstrated that tidal currents can transport large amounts o f water through 
tidal passes and results in significant dispersion.
Input from rivers are responsible for the character of many estuaries along the 
Gulf o f  Mexico (Ward 1980). But even when river input is low or non-existent, local 
convective thunderstorms can generate sharp pulses of freshwater runoff. The
2
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freshwater inflow can establish a sharper horizontal density gradient, thereby giving rise 
to an increase in density currents.
EFFECTS OF TOPOGRAPHY AND BATHYMETRY  
Transport and dispersion in estuaries can be affected by topographical and 
bathymetric features. The direction o f transport can be altered and the rates o f 
horizontal dispersion can increase. Shoreline irregularities can temporarily trap water 
containing a  concentration of a substance (including larvae) and then release the 
substance slowly as the main portion o f the patch passes by (Pritchard 1960). This 
process know as “entrapment phenomenon” or “coastal topographic trapping” (Okubo 
1973). In simulations using a depth-integrated two-dimensional model for the Barataria 
Basin, LA, Park (1998) found that after part o f a paritcle cluster began to be trapped by 
coastal topography that the rate of spreading increased significantly. He suggested that 
particle dispersion involving coastal topographic trapping appears to result in larger 
horizontal diffusivities. Using a depth-integrated model, Signell and Geyer (1990) 
found that a  headland can result in significant increases in horizontal dispersion. In a 
review o f tidal dispersion and numerical simulations, Geyer and Signell (1992) found 
that the principal influence of topographic features on horizontal dispersion occurs at 
length scales o f  a tidal excursion and smaller. I f  the distance between topographic or 
bathymetric features was more than the length of a tidal excursion, then the dispersion 
was localized. They also found that tidal dispersion is most pronounced in regions of 
abrupt topographic changes (headlands, and inlets) where flow separation occurs. The 
flow separation tended to stretch patches o f fluid into long filaments.
3
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INTERACTION OF LARVAE WITH THE FLOW  FIELD
The larvae o f most marine animals are dispersed some distance from the parental 
populations. The horizontal swimming speeds that some o f these larvae are capable o f 
may be two or three orders o f magnitude less than the surrounding current velocities 
(Morgan 1995). If plankton are not able to interact with the flow field, then they are 
said to be ‘passive drifters’ (Omori and Ikeda 1984). A study o f barnacle dispersal in 
the Wadden Sea, a well-mixed estuary on the coast of the Netherlands, by de W olf 
(1973), found that barnacle larvae were generally distributed in the lower regions o f the 
water column due to passive sinking. He suggested that the barnacle larvae were 
passive, but could be suspended into the water column by turbulent processes caused by 
tidal currents and then settle passively during slack water. Because flood current 
velocities exceeded ebb current velocities, upstream transport o f the larvae could occur. 
In a study by Biocourt (1982), the differential settlement o f oyster larvae in two similar 
creeks that are connected to the Choptank River (a secondary estuary in the Chesapeake 
Bay system) was found to be a result o f  physical processes. He described the upstream 
transport o f  oyster larvae as generally a passive physical process. Armonies (1992) also 
described the passive settlement o f oyster larvae on mud flats o f the Wadden Sea with 
subsequent migration by the juveniles to adult habitat.
In a study of short-term temporal changes within a  zooplankton community, 
Wiafe and Frid (1996) found that tidal- and wind-induced motions alone could not 
account for the observed temporal variations within zooplankton. Even when these 
motions dominated the flow-field, zooplankton were able to maintain the same
4
Reproduced with permission o fthe copyright owner. Further reproduction prohibited without permission.
community structure. They suggested that attempts to validate Lagrangian transport in 
zooplankton communities using numerical models have had limited success because 
zooplankton are treated as passive particles. They suggest that biological factors such as 
swimming contribute to maintaining zooplankton community structure and that it is 
more appropriate to consider zooplankton as ‘active drifters’.
In estuaries with significant freshwater input, there is generally a net seaward 
flow at the surface and a net upstream flow at depth. Larvae can move downstream if  
they maintain a position near the bottom or move upstream if  they maintain a position 
near the surface. Morgan (1995) stated that the best evidence for regulation of 
horizontal transport by larvae is evident for estuarine-dependent animals. Sandifer 
(1975) showed that the larvae of four decapods were flushed from the Chesapeake Bay 
by remaining in the surface water during ebb tide, while 12 species remained in the 
estuary by moving lower in the water column as they developed. Shanks (1995) argues 
that even the weakest of sw imming  larvae may regulate horizontal transport by 
vertically migrating in response to hydrodynamic features such as stratified water 
masses and tidal currents.
In a study by Sandifer (1975) in the York River Estuary and the adjacent lower 
Chesapeake Bay in Virginia, larvae o f some decapod crustaceans which were heavily 
dependent on estuarine habitats were found to be more abundant in the lower layer of 
the water column where net transport is upstream.
5
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PURPOSE OF STUDY
The purposes o f this study was to characterize the flow field at various locations 
within Barataria Bay and relate the findings to the transport o f larvae. The postlarvae 
(megalopae) o f the blue crab, Callinectes sapidus Rathbun were selected as a model 
species for this study due to its commercial importance. The specific objectives were as 
follows:
1. Characterize tidal excursions (distance and direction) in Barataria Bay.
2. Determine current velocities within a tidal cycle.
3. Determine the rates of horizontal divergence, stretching deformation, shearing 
deformation, and vorticity in Barataria Bay.
4. Determine the rate of increase in variance and covariance of patch o f water 
during a tidal cycle.
5. Interpret the results as they relate to the transport, dispersal, retention, and 
settlement o f larvae generally, and blue crab (Callinectes sapidus) postlarvae 
specifically.
6. Determine the abundance o f blue crab larvae during tracking session periods and 
relate to observed environmental factors (wind events and salinity).
EARLY LIFE HISTORY OF BLUE CRAB
Since specific application will be made to the postlarvae (known as megalopae) 
of blue crab, Callinectes sapidus Rathbun, a brief description of the early life history is 
provided. The blue crab is a commercially important species that occurs along the 
Atlantic and Gulf of Mexico coasts o f the United States. The early life history of blue 
crab begins when inseminated female blue crabs migrate to the high salinity regions of 
the lower estuary to allow their eggs to develop and hatch. This migration was assumed
6
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to be related to the developmental requirement for higher salinity waters by the larvae. 
This was verified by Costlow and Bookout (1965) when they found that C. sapidus 
larvae could not complete their development in salinities under 20 ppt. When the larvae 
(known as zoea) are hatched, they ascend to the surface and are flushed out o f the 
estuary and into coastal waters (Dittel and Epifanio 1982), McConaugha et al. 1983, 
Provenzano et al. 1983, Epifanio et al. 1984). There they develop through 7-8 zoea 
stages and a megalopa stage (Sulkin 1975). The zoea remain in the surface water 
during their development to the megalopa stage (McConaugha et al. 1983, Epifanio 
1988, Epifanio et al. 1989). The megalopa stages last from 6 to 20 days and laboratory 
results show that growth through the zoea to megalopa stage may occur in as little as 35 
days under favorable conditions (Sulkin 1978).
It is widely accepted that ingress back into an estuary occurs at the megalopa 
stage (Williams 1971, Epifanio etal. 1984, Johnson 1985, Little 1990, van Montfrans et 
al. 1990). A variety of mechanisms for ingress have been proposed including wind 
forcing (Goodrich et al. 1989, Little and Epifanio 1991); ontongenic migration o f 
megalopae to bottom water which has shoreward density-driven movement (Sulkin and 
Epifanio 1986, Epifanio 1988); and tidal currents accompanied by vertical migrations by 
megalopae (Epifanio et al. 1984, Brookins and Epifanio 1985). On the northern Gulf 
coast, megalopae appear to invade estuaries intermittently from April through August 
(Lochmann et al. 1995).
Blue crab megalopae are found to be more abundant in flood than ebb tides, and 
are highest in nocturnal flood tides (Little and Epifanio 1991, DeVries et al. 1994,
7
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Lochmann et al. 1995). This suggests that retention and upstream transport of 
megalopae may be a biophysical process where larvae control horizontal transport by 
maintaining a specific vertical position. By ascending to a position near the surface 
during flood tides and remaining on or near the bottom during ebb tides, the larvae can 
increase their chances for retention and upstream transport to nursery habitat. It also 
suggests a  significant diel component. In a  laboratory study, Tankersley and Forward 
(1994) found that blue crab megalopae had endogenous circadian swimming rhythms, 
but that they were unrelated to the expected tidal cycle and did not underlie flood tide 
transport. They suggest that once megalopae enter a tidal estuary, responses to 
exogenous cues could override the endogenous swimming rhythms. Laboratory studies 
have also shown that blue crab megalopae; respond to changes in salinity and pressure 
(Sulkin and Van Heukelem 1986, Tankersley and Forward 1994); are able to orient to 
currents; and fail to swim when exposed to light intensities that are present in estuaries 
during the day, even when simultaneously exposed to pressure stimuli (Luckenbach and 
Orth 1992). While it is likely that blue crab megalopae do have the ability to change 
their position vertically in the water column in response to endogenous and exogenous 
cues, it is unclear how effective these behaviors would be in a shallow estuaries where 
current velocities would be expected to be similar throughout the water column with the 
exception o f the tidal passes where depths would be greater, not be expected to 
decrease significantly with depth, except at the tidal passes where current velocities 
would be similar at all depths.
8
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It is widely accepted that megalopae are planktonic in coastal waters and that 
horizontal swimming is probably not an important mechanism for the invasion o f 
estuaries. Yet, in shallow estuarine habitats, tidal currents would be expected to be 
reduced. This would be particularly true along vegetated shorelines. In flume 
experiments, Luckenbach and Orth (1992) investigated the capabilities o f blue crab 
megalopae to swim horizontally. They found the mean swimming speed of megalopae 
in still water was 5.0 cm s '1 and that megalopae were capable o f swimming upstream 
against the current at flow speeds up to 4.8 cm s'1. The flume experiments were 
conducted at spatial scales of only 10-20 cm and the ability o f megalopae to swim over 
greater distances is unknown. While it is unlikely that megalopae are able to swim great 
horizontal distances, they may be able to enhance their encounter rates with favorable 
settlement sites over small spatial scales.
PHYSICAL SETTING AND M ETEOROLOGY 
The hydrology and climatology of the Barataria Basin has been extensively 
studied (Barrett 1971, Byrne et al. 1976, Madden et al. 1988). Tides in this region are 
diurnal. Embayments within the Barataria Basin are quite shallow (1-2 meters) and so 
are usually well-mixed and vertically homogenous (with the exception o f dredged 
waterways and ship channels where depths are greater).
In contrast to the broad mouths of Delaware and Chesapeake Bays, Gulf coast 
bays connect to offshore water by a relatively constricted series o f tidal passes, through 
which returning crab larvae must pass. Except possibly at the tidal passes proper, the 
flood tide currents that could be exploited by larvae for upstream transport are much
9
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reduced when compared to the Middle Atlantic Bight, and upstream intrusions o f  deep 
high salinity water are less common. The near shore and bay currents on the Gulf coast 
are considered to be strongly influenced by local winds. Shallow systems with low tidal 
amplitudes, such as the Barataria Bay system, are especially responsive to 
meteorological effects (Denes and Caffrey 1988, Goodrich 1988, Pietrafesa and 
Janowitz 1988, Wiseman et al. 1988, Lee et al. 1990). North-south winds force 
exchanges through the passes directly, while east-west winds also force water exchanges 
due to Ekman convergences and divergences. Wiseman (1986) states that the volume o f 
these wind-driven water exchanges through tidal passes can exceed that of astronomical 
tides by an order of magnitude. Chuang and Wiseman (1983) found that local sea level 
change due to atmospheric forcing can be up to three times the maximum tidal range.
10
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CHAPTER 2: PATTERNS OF ADVECTTON 
INTRODUCTION
Due to the limited swimming abilities o f many larval forms, hydrodynamic 
processes are important in regulating larval recruitment into estuarine nursery habitats. 
Drifter studies were conducted to characterize hydrodynamic processes within Barataria 
Bay and relate them to the retention and settlement of larvae. The focus here is the 
advection and resulting tidal excursions o f the drifter clusters. The results will be 
interpreted as to their impact on larval recruitment with emphasis on the recruitment of 
blue crab megalopae.
STUDY AREA
Barataria Bay is located along the Louisiana coast just west o f the Mississippi 
River delta (Figure 2.1). Three locations within Barataria Bay were selected for drifter 
tracking studies: Bay Batiste, Hackberry Bay, and the main basin o f Barataria Bay 
(Figure 2.2). Bay Batiste is located in the northeast section of Barataria Bay. The long 
axis o f the bay is oriented NE-S W and is approximately 6,200 m in length and ranges 
from approximately 2,000 m to 5,100 m in width. Bay Batiste connects with Bay 
Tim m y to the west; Bayou Dulac to the northeast; and Barataria Bay to the south through 
an open pass approximately 2 km in width (Figure 2.3). Most o f the bay is shallow with 
depths ~0.9 m along the shore and 1.2 m in the center section o f the bay. Depths are 
—1.5 m in the southern reach o f the bay.
Hackberry Bay is located west of the upper section o f Barataria Bay (Figure 2.4). 
The borders o f the bay are lined with marshes, several secondary embayments,
11
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LOUISIANA
N
A
BARATARIA
B A Y ^
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Figure 2.2. Map o f Barataria Bay, Louisiana.
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tidal creeks, and irregularly-shaped shoreline and islands. Hackberry Bay connects 
indirectly with Barataria Bay through Grand Bayou to the northeast and directly with 
Barataria Bay to the southeast near the Barataria Waterway. On the western side o f 
Hackberry Bay is Live Oak Bay and to the northwest is Snail Bay (See Figure 2.4).
The main basin o f Barataria Bay is oriented nearly N-S and is —20.5 km in 
length and ranges from ~6 to 14.5 km in width. Depths range from 0.3 m to 2.7 m, 
although depths over the majority o f  the basin are 1.2 to 1.8 m. Barataria Bay is linked 
to Bayou St. Denis and Grand Bayou to the northwest and to Bay Batiste to the 
northeast. To the west is the Barataria Waterway and a series of marsh islands with 
tidal channels linking Bq^taria Bay to Hackberry Bay and Bay Des Ilettes. To the south 
is a chain o f barrier islands (Grand Isle and the Grand Terre Islands) separating 
Barataria Bay from the Gulf of Mexico (See Figure 2.5).
Two major passes (Barataria Pass and Pass Abel) connect Barataria Bay to the 
Gulf o f Mexico. Barataria Pass lies between the eastern end of Grand Isle and the 
western end of the largest o f the Grand Terre Islands and has a dredged channel up to 19 
m deep. Pass Abel is northeast o f Barataria Pass and lies between two o f the Grand 
Terre Islands. Pass Abel is shallow (0.3 to 0.6 m), but can be up to 4 meters deep in a 
narrow channel that cuts through the shoals north of the pass.
MATERIALS AND METHODS 
Drifter Design
A drifter design for surface currents by (Davis 1981) was selected and modified 
for use in Barataria Bay. Modifications included size reduction and the use o f
16
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inexpensive materials such as wood and PVC pipe. Each drifter consisted o f a central 
vertical housing with cruciform crosspieces attached to the top and bottom (Figure 2.6). 
The vertical housing was 74 cm in length and constructed o f PVC pipe with wood 
attachments on each end to support the crosspieces o f  the drifters. Each crosspiece was 
92 cm in length. Four drag-producing vanes made o f sheets of plastic were attached 
with staples between the top (near surface) and bottom crosspieces. Each vane was 64 
cm long and 35 cm wide. Four crab pot floats were attached as buoys to the top 
crosspieces with elastic cords. The length of the cords from the crosspieces to the buoys 
was 30 cm. Bricks were attached near the bottom o f the central housing to provide 
ballast and maintain the drifter in a vertical position. To identify the drifters during 
deployment, numbered bicycle flags on fiberglass poles were attached to the center of 
the top crosspieces so that they extended above the surface of the water. Battery- 
operated strobe lights and reflective tape were attached to the fiberglass poles to 
increase the visibility o f the drifters during night operation 
Drifter Tracking
Four to nine drifters were deployed for each tracking session from a boat and 
tracked for a complete tidal cycle unless the drifters became grounded or entered a pass 
on an ebbing tide. At night some drifters were recovered, but no fewer than 4 drifters 
were deployed at all times during a tracking session. Drifter positions were determined 
using a Global Positioning System (GPS) receiver equipped with a Differential Beacon 
Receiver (DBR) mounted on a small boat. Although the GPS receiver receives signals 
directly from GPS satellites, the signals are degraded for non-military use (selective
18
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30 cm
64 cm
Figure 2.6: Surface current drifter used for tracking 
sessions conducted in Barataria Bay, LA.
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availability). To correct for selective availability, the U.S. Coast Guard Differential 
GPS (DGPS) radio beacon station located at English Turn, LA was accessed using the 
DBR. The DGPS radio beacon station receives signals from GPS satellites to determine 
the satellite data error. The radio beacon station then transmits an error correction 
message that may be received by a differential beacon receiver (DBR) within range of 
the station's signal. The DBR then sends an error message to the GPS receiver which in 
turn processes that data along with position data obtained directly from the GPS 
satellites to determine a converted (corrected) position. Position accuracy was 0-3 m 
with a DBR and 0-100 m without differential correction (per. comm., Magellan 
Systems). Barataria Bay is within range of the signal from the DGPS radio beacon 
station at English Turn, LA and was used successfully for 14 o f the 22 tracking sessions 
conducted. No DBR was available for tracking sessions 1-6, 14 and 15 due to 
equipment failure.
Drifter positions were obtained by maneuvering the boat carefully alongside 
each drifter and recording the position coordinates (in latitude and longitude) from the 
receiver at regular time intervals (30 min or less). Drifter positions fixes (coordinates) 
were recorded when the coordinate readings remained stable and were differentially 
corrected while alongside a drifter. Longer time intervals occurred between some 
drifter position fixes for limited periods of time due to hazardous weather conditions, 
equipment failures, or servicing o f fixed sampling station.
Two tracking sessions were conducted over a period o f  five days each month 
with the exception o f  the first 6 tracking sessions which were conducted over short
20
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durations (less than 12 hrs) and without an operational DBR. A  total o f 22 drifter 
tracking sessions were conducted from June to September 1994; April to August 1995 
and June 1996. All tracking sessions, except tracking session 22, were conducted at or 
near times o f  predicted maxim um  tidal currents (tropic tides). Tracking session 22 was 
conducted near a time o f minimum predicted tidal currents (equatorial tides). 
Calculations o f  Mean Advection and Mean Current Speeds
During each tracking session, a cluster of drifters was followed and a series of 
coordinates were collected over time for each drifter in the cluster. The coordinates 
represent points along the actual track o f each drifter that occurred during the tracking 
session. Since the coordinates o f  all deployed drifters could not be obtained 
simultaneously or at equally-spaced time intervals, a  data set o f interpolated 
simultaneous drifter coordinates at equally-spaced time intervals (5 min) were produced 
using a spline routine.
A spline routine produces a smooth curve, with no angular turns , through the 
drifter coordinate data that allows for the selection of interpolated drifter positions at 
standard times. An Akima cubic spline was selected because it provided the best 
estimate o f the observed drifter trajectories (Akima 1970). From each spline, a series of 
interpolated x coordinates and y  coordinates at 5-minute time intervals was produced 
separately for each drifter. Since each resulting data set contains x o ry  coordinates at 
specific time intervals, the partial derivative d x jd t  or d y f d t , respectively provide u or
v velocity estimates. The interpolated x coordinates and u velocities, andy coordinates
21
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and v velocities for each drifter in the cluster were combined to match up simultaneous 
coordinates (and velocities) at simultaneous 5-minute time intervals.
The resulting interpolated data sets were analyzed using a methodology 
developed by A. Okubo and co-workers (Okubo and Ebbesmeyer 1976, Okubo et al. 
1976, Okubo et al. 1983, Sanderson and Okubo 1986). They demonstrated that a two- 
dimensional flow field can be characterized by deploying a cluster o f drifters and 
following their movement over time. For the purposes o f this analysis, Lagrangian 
coordinates (moving centroids) are determined for two-dimensional horizontal motion 
with the assumption that the vertical dimension is well mixed (Okubo et al. 1983). 
Since Barataria Bay is characterized as a well-mixed estuary, this assumption will be 
assumed valid. The velocity gradients within the drifter cluster are considered to be 
uniform, but any departures from the uniform velocity gradients result in eddy 
diffusivities.
Multiple linear regression analysis was used to separate mean from turbulent 
flows to estimate mean flow, deformations, and eddy diffusivities as functions o f time. 
From Okubo and Ebbesmeyer (1976), the regression equations for the u and v current 
speeds for the rth drifter observed at the M i time can be written as a Taylor’s expansion:
ut(£) = u{k) + [*/ f f l  -  X(k)] + \yt (£) ~ Kfc)] + u"(k),
22
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V,- (£ ) =  v(k)  + 'x, ( k ) -  X(kj\ + ^ ~ [ y i  (k) -  y (k j \  +  v ” (k)
1 ” 1 " 
where x ( k )  = x A k ) ,  and y(Jc )  =  — V  y  (k )  , and u  (Jc) and v (k) are
current speeds at the centroid in the x  and y  direction respectively calculated as 
regression intercepts. The partial derivatives d u (J c )fd x , d u ( k ) / d y ,  d v { )c ) jd x ,
d v { k ) /d y  are linear velocity gradients at the centroid calculated as regression
coefficients. The terms u, ”, v, ” are ‘turbulent speeds’ calculated as regression error or 
residual. The terms \x,(k) - x  (k)] and \y,(k) - y  (k)\ represent the distance the
coordinate (x andy respectively) o f  the z'th drifter is from the drifter cluster centroid at 
time k. Mean u and mean v are described using a right-handed system where u 
velocities are positive to the east and v velocities are positive to the north. Mean u  and 
mean v should not be confused w ith mean current speeds which were calculated as 
follows:
Mean current speed at time k  = — T ] yl[u ? ( k )  +  v f  (£ )] .
n  i
For the purposes o f this study, the term “mean tidal excursion” is defined as the 
horizontal distances that a drifter cluster centroid moved in the x- and y-directions over
23
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a tidal phase. The term “net mean tidal excursion” is defined as the horizontal distances 
that a  drifter cluster centroid moved in the x- and y-directions from the origination point 
over the duration of the tracking session.
RESULTS AND DISCUSSION  
The results for the tracking sessions are presented separately for ebb and flood 
tide by location and are not in chronological order. Results for tracking sessions 1-6 are 
not included due to their short duration.
Barataria Bay is relatively shallow and ranges from 1 to 2 m in depth and is 
relatively flat over most o f its domain, therefore the flow field is considered to be 
vertically homogenous (Park 1998). Depth regulation and vertical migrations engaged 
in by larvae to maintain their horizontal position or avoid ebb tide currents are assumed 
to be ineffective (with the exception o f the tidal passes and dredged ship channels where 
depths are greater).
Bay Batiste
All drifter tracking sessions conducted in Bay Batiste were initiated from the 
same location (within 100 m) at or near as possible to predicted slack water, followed 
by ebb and then flood tide. Tides and currents predicted for Manilla, —10,200 m east o f 
Bay Batiste in Barataria Bay, were used (Figure 2.2).
Tracking Session 7
On July 18,1994, nine drifters were deployed approximately 1,600 m east o f 
Bay Jimmy and were advected to the southwest during the ebb tide (Figure 2.7). Five 
drifters were recovered just prior to the onset o f thunderstorms after —6 hrs o f  advection.
24
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Due to the thunderstorms, the remaining four drifters were left unattended during the 
last portion o f  the ebb tide and the first portion o f the flood tide (~7 hrs). The duration 
o f the ebb tide advection was unknown. The predicted duration o f the ebb tide was 12 
hrs and 52 min. Mean current speeds were variable and decreased from 15.4 to 6.6 cm 
s '1 during the tracked portion o f the ebb tide (~7 hrs). The decreasing mean current 
speeds at the beginning o f  the tracking session suggest that a significant portion o f the 
ebb tide had already occurred prior to deployment.
The known mean ebb tidal excursion was 1,999 m to the west and 2,205 m to 
the south. The mean u  current speed was -7.2 (±  0.8) cm s'1 and ranged from -9.0 to -
4.7 to cm s'1. The mean v current speed was -9.1 (±  3.5) cm s '1 and ranged from -14.6 
to 0.2 cm s'1.
During flood tide the drifters were tracked for a  total of 9 hrs 50 min. The total 
duration o f flood tide is unknown, but the predicted duration of flood tide was 11 hrs 
and 59 min. The drifters were advected to the northeast until high water occurred, but 
were not recovered until after the next ebb tide had started. The flood drifter trajectories 
were approximately parallel, but approximately 300 m to the west o f the ebb drifter 
trajectories. This suggests that the drifters were advected approximately 300 m to the 
west during the last part o f the ebb or first part o f the flood tide advection. The five 
drifters that were recovered during ebb tide were redeployed among the other four 
drifters at sunrise. Mean current speeds during flood tide ranged from a minimum of 
2.1 cm s"1 (at the end of flood tide) to a maximum of 21.3 cm s '1.
25
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The known mean flood tidal excursion was 3,3706 m to the east and 4,372 m  to 
the north. The mean u  current speed was 8.5 (±  2.7) can  s '1 and ranged from 3.9 to
12.5 cm s'1. The mean v current speed was 10.8 ( ± 4.33 cm s ' and ranged from 2.1 to 
17.9 cm s'1. Net mean tidal excursion was 1,371 m to th e  east and 2,167 m to the north.
Southwest winds (2 - 4 m s'1) occurred for seven Lhours prior to the start o f  the 
tracking session. North to northeast winds (2 - 5 m s'1) o ccurred during the first six 
hours o f the ebb tide advection (Figure 2.7). These windls could have caused the drifters 
to drift to the southwest as they were advected down th e ' bay. South to southeast winds 
occurred during the next six hours which included the la s t  portion of the ebb tide and 
first portion o f  the flood tide. These winds could have deeveloped a drift to the north to 
northwest during a time when tidal current speeds would! be weaker. The effect o f  the 
drift would be greater when tidal currents were weaker. T h is  most likely caused the 
drifters to move to the west as ebb tide ended and flood t id e  began. This would account 
for the flood drifter trajectories position to the west o f thee ebb drifter trajectories.
During the monitored portion (last nine hours) of- the flood tide, southwest winds 
(3-4 m s '1) occurred (Figure 2.8). The winds would tend to create a drift to the 
northeast, which would be in the direction o f the flood tiode advection.
Tracking Session 8
On July 21, 1994, nine drifters were deployed 1,6500 m east of Bay Jimmy 
(Figure 2.7). All ebb tide advection was to the southwesnt. Four drifters were recovered 
at sunset. Mean current speeds also reached their maximnum (30 cm s'1) shortly after 
drifter deployment and then decreased during the remaintider o f the ebb tide to a
26
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Figure 2.7. Drifter trajectories for tracking sessions conducted in Bay Batiste. 
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Figure 2.8. Wind velocity and direction recorded at the Coastal-Marine Automated Network (C-MAN) 
station, Grand Isle, LA, from 1 July to 19 September 1994. The occurrences of drifter tracking sessions 
7-11 are indicated.
minimum o f  5.6 cm s'1. The duration o f the ebb tide advection was approximately 7 hrs 
and 15 min. Since the predicted ebb tide duration was 11 hrs and 37 min, additional ebb 
tide advection may have been possible if  the drifters had been deployed earlier.
The mean ebb tidal excursion was 2.9 km to the west and 3.9 km to the south. 
The mean u  current speed was -9.9 (±  8.5) cm s '1 and ranged from -18.2 to 7.5 cm s'1. 
The mean v current speed was -14.1(± 7.4) cm s'1 and ranged from -25.1 to -0.2 cm s '1, 
remainder o f the flood tide advection. As the drifters moved to the northeast, their 
trajectories appeared to be affected by the shoreline topography. The 4 drifters that 
were recovered during ebb tide were redeployed among the other drifters at snnrise. 
Mean current speeds were variable but generally increased during the flood tide 
advection. The maximum mean flood current speed was 19.8 cm s'1. The duration o f 
the flood tide advection was approximately 12 hrs and 30 min.
The mean flood tidal excursion was 4.1 km to the east and 4.2 km to the north. 
The mean u  current speed was 8.8 (±  2.3) cm s '1 and ranged from 5.6 to 17.2 cm s'1. 
The mean v current speed was 10.3 (±  3.1) cm s '1 and ranged from 5.6 to 17.2 cm s '1. 
The net mean tidal excursion was 1,226 m to the east and 377 m to the north.
South to southwest winds (2-4 m s '1) occurred for 17 hrs prior to and during the 
first five hours o f tracking session 8. The winds (1-3 m s'1) changed direction 4 times 
during the next 4-hour period (north, west, north, southeast). Ebb tide ended, and flood 
tide began during this period. Southwest winds (3-4 m s'1) occurred during the 
remainder o f the flood tide advection.
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Tracking session 8 had the greatest ebb maximum mean current speed and the 
second greatest maximum mean flood current speed o f  any tracking session conducted 
in Bay Batiste. This was not unexpected since predicted maximum ebb and flood 
current speeds were 40 cm s '1 (for Manilla) which was the greatest for all tracking 
session conducted in Bay Batiste. During most o f the tracking session, there was no 
apparent effect o f the wind on drifter trajectories. This suggests that the tidal currents 
may have been strong enough to limit the effect o f the winds. The only time period 
where the wind appeared to have an effect was during the first hour o f flood tide when 
tidal current speeds were minimal. During that time period, west winds (3 m s'1) 
occurred which could have caused a drift to the east, especially in the open water south 
o f Bay Batiste (Figure 2.8). This could explain the movement o f the drifters to the east 
at the beginning o f  the flood tide.
Tracking Session 12
O n April 18, 1995, five drifters were deployed —1.6 km east of Bay Jimmy and 
were advected initially to the southwest (See Figure 2.7). As the drifters approached 
Barataria Bay, they turned more to the WSW. Significant drifter separation had 
occurred by this time. Approximately two hours later, the drifters turned back to the 
southwest and moved into Barataria Bay. During approximately the last hour o f ebb 
tide advection, the drifters turned to the south. The duration o f the ebb tide advection 
was approximately 9 hrs and 30 min. The predicted duration o f the ebb tide was 12 hrs 
and 46 min (at Manilla).
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Mean ebb current speeds exceeded 17 cm s '1 shortly after deployment o f the 
drifters and reached their maximum of 22.0 cm s '1 in —30 min. During approximately 
the next 2 hrs and 30 min, the mean currents speeds were variable but remained above 
19 cm s'1. For the remainder o f the ebb tide advection, mean current speeds decreased 
steadily to 3.3 cm s'1.
The mean ebb tidal excursion was 3.5 km to the west and 3.2 km to the south. 
The mean u  current speed was -10.6 (±  5.8) cm s '1 and ranged from -18.3 to 1.9 cm s'1. 
The mean v current speed was -9.7 ( ± 3.3) cm s '1 and ranged from -15.8 to -2.4 cm s'1.
During flood tide, the drifters moved NNE toward a marsh headland on the west 
side of the entrance to Bay Batiste. Four additional drifters were deployed after sunset. 
Approximately 3.7 km  SSW of the headland, the drifters separated into two groups. 
Two of the drifters moved to the NNW along the southwest side o f the headland while 
the other seven drifters moved to the northeast along the southeast side of the headland. 
All drifters became grounded on the shoreline and were recovered. The duration o f  the 
flood tide advection was approximately eight hours and ended when the drifters 
grounded on the headland. The predicted flood tide duration was 13 hrs and 8 min.
Mean current speeds increased steadily to 15.1 cm s'1 over approximately the 
first four hours o f flood tide. During the next two hours the mean current speeds 
decreased to 12.2 cm s '1, then increased to 16.5 cm s'1 (maximum flood current speed), 
and then decreased approximately 15 cm s'1. Mean current speeds decreased for the 
remainder o f the flood tide (approximately one hour).
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The mean flood tidal excursion was 1.4 km to the east and 2.8 km to the north. 
The mean u  current speed was 5.5 ( ± 1.7) cm s'1 and ranged from 2.1 to 8.9 cm s'1.
The mean v current speed was 10.8 ( ± 2.7) cm s '1 and ranged from 3.7 to 13.9 cm s'1. 
The net mean tidal excursion was 2.1 km to the west and 375 m to the south.
Southeast winds dominated for 45 hrs prior to and through the entire 
duration of tracking session 12 (See Figure 2.9). Wind speeds were 3-6 m s"1 until 
approximately three hours prior to the start of the flood tide, when they increased to 6- 
10 m s '1 for the remainder o f the tracking session. The wind stress from these winds 
would result in a  drift to the northwest, especially as wind speeds increased and over 
open water. This
would explain the shift in drifter trajectories to the west as they entered the open water 
south o f Bay Batiste during ebb tide and the NNE trajectories o f the drifters during the 
majority of the flood tide advection. These winds also resulted in the drifters grounding 
during flood tide and which prevented any further advection either up Bay Batiste or 
Bay Jimmy.
The drifter trajectories also illustrate the effect of coastal topography and 
shallow bottom bathymetry. Near the headland, the drifters experienced dramatic 
separation and drifters were deflected to the northeast back into Bay Batiste and to the 
NNW toward the entrance to Bay Jimmy. The shallow water near the headland (<1 m) 
along with a strong northwest drift, most likely resulted in the grounding o f the drifters 
prior to the end o f the flood tide.
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Figure 2.9. Wind velocity and direction recorded at the Coastal-Marine Automated Network (C-MAN) 
station, Grand Isle, LA, from 8 April to 26 August 1995. The occurrences of drifter tracking sessions 12-18 
and 20 are indicated.
Mean current speeds were greater during ebb tide than during flood tide. During 
a majority of the ebb tide advection, the drifters were within Bay Batiste where tidal 
current might be amplified by the narrow topography (relative to Barataria Bay). 
Hackberry Bay
All drifter tracking sessions were initiated at or near as possible to the predicted 
slack water followed by an ebb and then flood tide. Predicted tides and currents were 
for Manilla which is located -8 .7  km northeast o f Hackberry Bay in Barataria Bay. 
Tracking sessions 11 and 17 originated from the same general location within 
Hackberry Bay.
Tracking Session 11
On September 12, 1994, nine drifters were deployed in the northeast section of 
Hackberry Bay and were advected approximately 820 m to the south before grounding 
in shallow water (<1 m) north o f Bayou Defond (Figure 2.10). The mean current speeds 
ranged from 8.1 to 9.7 cm s‘l during the first two hours following initial deployment and 
then declined over the next 30 min as the drifters moved into shallow water and 
grounded. All drifters were recovered and redeployed approximately 360 m WNW 
from where they grounded. After redeployment, all drifters moved south and then 
turned towards the southwest. Six o f the drifters moved parallel to the shoreline o f an 
island in the center o f Hackberry Bay and then moved to the south. Three o f  the drifters 
separated from the main drifter cluster, moved northwest towards the island, and then 
turned to the south (before the other six drifters). As both groups o f drifters moved
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south o f Bayou Defond and entered the pass (to Barataria Bay) they turned more to the 
southeast.
The mean current speed following redeployment was 11.5 cm s'1 and then 
decreased to 8.0 cm s'1 as the drifters moved to the south. As the drifters turned to the 
west, mean current speeds increased to 10.4 cm s '1 and then decreased rapidly to 6.9 
cm s'1 as three o f the drifters separated and moved to the northwest. When the three 
drifters moved back to the south, the mean current speed increased rapidly to 11.5 cm s' 
and then decreased rapidly to 4.9 cm s'1. The mean current speed decreased to 3.7 cm s' 
over the next 50 min as the main group o f drifters continued to move towards the west. 
When the main group of drifters turned to the south, the mean current speed increased 
rapidly to a maximum of 12.7 cm s'1. Mean current speed decreased as the drifters 
moved more to the southeast and entered the pass.
The drifters were not monitored during the remainder o f the ebb tide and first 
portion o f the flood tide, so the drifter trajectories and mean advection and current 
speeds during this time period (including the tide change) are not known.
The mean ebb tidal excursion was 214 m to the east and 2.4 km to the south. 
Ebb tide advection to the east, and to a lesser extent to the south, would have been 
greater if  the drifters had been tracked during the last portion o f the ebb tide. Mean u 
current speed was -1.2 (±  2.9) cm s '1 and ranged from -7.6 to 3.6 cm s'1. The mean 
v current speed during ebb tide was -6.9 (±  3.5) cm s*1 and ranged from -12.2 to 0.4 
cm s'1.
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During flood tide, the remaining five drifters moved west and eventually along 
the shoreline and into the surrounding marshes o f  Live Oak Bay. The drifters were 
monitored for a period o f three hours during the early portion of the flood tide before 
boat engine failure occurred. The drifters were recovered the following morning. Two 
o f  the drifters were recovered grounded in primary and secondary tidal creeks within an 
extensive marsh 500 m west o f the Live Oak Bay (Figure 2.10). Three other drifters 
were recovered grounded to the north o f the Live Oak Bay sampling station. The time 
o f  the groundings is unknown. Mean current speeds were not calculated since the 
drifters were not tracked during the majority o f the flood tide.
The mean flood tidal excursion was 4.7 km to the west and 1.3 km to the north. 
This estimate does not include any advection that occurred during the first portion o f  the 
flood tide when the drifters were unattended. The net mean tidal excursion was 4.4 km 
to the west and 1.1 km to the south.
The drifter trajectories, drifter separation, and variable mean current speeds 
during the ebb tide were most likely a affected by the coastal topography of the island in 
the center o f Hackberry Bay and the underlying bathymetry between the island and 
Bayou Defond (Figure 2.10). Water depths along the drifters trajectories were from <1 
to 1.5 m. The distance the drifters moved and their trajectories may have also been 
affected by wind events. East to northeast winds (3-7 m s'1) persisted for 23 hrs prior to 
and during the first four hours o f the tracking session. North to northeast winds (5-7 
m s"1) occurred during the next five hours. Such wind events could have created a south
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to southwest drift which could explain why the drifters moved initially towards the 
south despite their close proximity to the a the tidal pass to the northeast.
The ebb tide trajectories o f the three drifters that moved furthest to the south 
indicate that some tidal exchange does occur with Creole Bay. These drifters were 
recovered near the end o f ebb tide at the entrance to Creole Pass.
Since the drifters were unattended during most of the flood tide, the actual 
drifter trajectories are not known. It does appear though that the drifters were advected 
primarily to the west with only limited advection to the north. This is most likely the 
result o f the strong east winds (5-8 m s'1) that occurred during most of the flood tide 
(Figure 2.8). These winds could have set up a strong westward drift across the width of 
Barataria Bay and into Hackberry Bay. This would result in increased advection to the 
west and reduced advection to the north (which appears to have occurred).
Tracking Session 17
On July 12,1995, nine drifters were deployed in the northeast section of 
Hackberry Bay at the same location that the drifters for tracking session 11 were initially 
deployed. Initially the drifters moved ENE into the pass north o f  an island north of 
Bayou Defond.(Figure 2.10). After entering the pass, the drifters moved east along the 
north shore of the island and then southeast along Bayou Cholas into Barataria Bay. 
Three o f the drifters were recovered after sunset just north o f Bayou Cholas.
Shortly after deployment o f the drifters, the mean current speeds increased from
3.7 to 6.9 cm s'1 as the drifters moved toward the pass. After the drifters moved into the 
pass, mean current speeds increased rapidly to 32.5 cm s'1. As the drifters turned
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southeast along Bayou Cholas and moved into Barataria Bay, the mean current speeds 
decreased steadily and reached a minimum o f 2.0  cm s'1 as ebb tide ended. The 
maximum ebb current speed was 32.5 cm s'1. The predicted maximum ebb current 
speed (for Manilla) was 40 cm s’1. The duration of the ebb tide advection was 9 hrs and 
15 min. The predicted ebb tide duration was 9 hrs and 24  min which suggests that the 
drifters were deployed after ebb tide had started.
The mean ebb tidal excursion was 3.7 km to the east and 3.4 km to the south. 
The mean u  current speed was 10.7 (±  7.2) cm s’1 and ranged from 2.4 to 2.7 cm s’1. 
The mean v current speed was -8.1 (±  8.8) cm s’1 and ranged from -23.1 to 3.2 cm s’1.
During flood tide, five of the drifters moved west from Barataria Bay into 
Hackberry Bay. One o f the drifters moved WNW and became grounded in a tidal creek 
at Bayou Defond. This drifter was recovered and not redeployed. The remaining five 
drifters were advected west through the pass south of Bayou Defond into Hackberry 
Bay and then northwest across Hackberry Bay into Snail Bay.
Mean current speeds increased from 2.0 to 30.6 cm s’1 as the drifters moved 
from Barataria Bay into the pass (during the first five hours o f flood tide advection) and 
then varied from 21.8 to 29.8 cm s’1 (for a two hour period) as they continued east 
through the pass. The mean current speeds then decreased as the drifters exited the pass 
and moved northwest across the open water o f Hackberry Bay. The mean current 
speeds again increased from 16.2 to 24.6 cm s’1 as the drifters moved into and through 
the lower section of Snail Bay. This increase in mean current speeds appears to be a 
result o f the narrow coastal topography o f the lower section of Snail Bay. An additional
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drifter grounded as the drifters moved through Snail Bay. All rem aining  drifters were 
recovered in Snail Bay after 14 hrs and 47 min of flood tide (which exceeded the 
predicted flood tide duration o f 13 hrs and 49 min). Flood tide advection was still 
occurring when the drifters were recovered. The maximum flood current speed was
30.6 cm s '1. The predicted maximum flood current speed was 40 cm s '1.
The mean flood tidal excursion was 7.2 km to the west and 5.2 km to the north. 
The mean u  current speed was -14.8 ( ±  6.6) cm s'1 and ranged from -29.6 to -1.6 
cm s'1. The mean v current speed was 8.5 ( ± 6.0) cm s '1 and ranged from -4.1 to 23.0 
cm s*1. The net mean advection was 3.5 km to the west and 2.8 km to the north.
The coastal topography of Hackberry Bay appears to funnel tidal currents 
through two major passes that connect to Barataria Bay. One o f those passes is just 
north of where the drifters were deployed. The drifters for tracking session 11 and 17 
were deployed in approximately the same location, yet the drifters for tracking session 
11 were initially advected to the south while the drifters for tracking session 17 were 
initially advected to the northeast. The difference in initial movement resulted in 
dramatically different trajectories. It appears that differences in wind events and 
differences in tidal current speed may explain the differences in initial drifter 
trajectories.
West winds (3-6 m s '1) occurred for approximately six hours prior to the 
deployment of the drifters for tracking session 17 and continued during the first three 
hours of the ebb tide advection (Figure 2.9). These conditions could have created a drift 
to the east which could have resulted in the eastward movement o f  the drifters after
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deployment. As the drifters approached the island to the east, the nearshore bathymetry 
could have deflected the drifters to the north. Another possible explanation for the 
difference is the difference in predicted maximum ebb current speeds. The predicted 
maximum ebb current speed was greater for tracking session 17 and stronger current 
speeds could have tunneled the drifters to the northeast and into the pass.
During the remainder o f the ebb tide for tracking session 17, winds were not 
favorable for advection to the east and later to the southeast. Shortly after the drifters 
entered the pass, the winds shifted and east to southeast winds persisted for the next five 
hours. South to southwest winds occurred thereafter until the ebb tide ended. These 
winds may have affected the direction and distance that the drifters moved, but it is 
difficult to separate from the effect o f the coastal topography which determined the 
trajectories o f the drifters through most of the ebb tide.
South to southwest winds (<1 m s'1) occurred during the first two hours of the 
flood tide followed by two hours of north winds (<1 m s"1). These winds were very 
weak and their effect would be limited because o f the presence o f numerous marshes 
and islands to the north and south of the drifters. Mean current speeds increased slowly 
while the drifters moved to the west. Northeast winds (1-5 m  s'1) occurred during the 
next seven hours and east winds occurred during the last four hours o f flood tide 
advection. While the drifters were in the protected waters o f the pass, these winds 
would have a limited effect on the drifter trajectories. When the drifters entered the 
open water o f Hackberry Bay, the northeast winds could have caused a southwest drift, 
but no drift was apparent in the drifter trajectories. East winds (4 m s'1) occurred during
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the last four hours o f the flood tide advection, but this occurred after the drifters had 
entered the lower section o f Snail Bay. Due to the orientation of Snail Bay, it is unlikely 
that the east winds would have had any significant effect. The increase in mean current 
speeds was most likely the result o f narrow topography and not the east winds.
Coastal topography controlled the trajectories of the drifters over most of the 
tracking session and most likely increased advection and mean current speeds. Wind 
events did not appear to have a major effect. The orientation of the winds to the drifters 
and the surrounding coastal topography most likely limited the effect o f the wind. But 
even when the drifters were in open water, the effect of the wind was not evident. 
Tracking Session 20
On August 11, 1995, six drifters were deployed in Snail Bay at the approximate 
location where the drifters from tracking session 17 were recovered (Figure 2.10). 
Following deployment, the drifters were advected approximately 200 m to the north, 
suggesting the drifters were deployed prior to the end of the previous flood tide. The 
mean current speed was initially 9.3 cm s'1 and then decreased rapidly as the drifters 
moved to the northwest. The minimum mean current speed of 2.8 cm s '1 occurred as the 
drifters turned to the southeast (as ebb tide began). Once ebb tide began, the drifters 
moved southeast through the lower section of Snail Bay and into Hackberry Bay. Mean 
current speeds increased to 33.2 cm s*1 as the drifters were tide advected southwest 
through the lower section of Snail Bay and then decreased as the drifters entered 
Hackberry Bay.
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After entering Hackberry Bay, the drifters were tide advected more to the SSW. 
The drifters were tide advected on  the west side o f the island in the center of Hackberry 
Bay. After the drifters were tide advected south o f the island, the drifters moved to the 
east for the remainder of the ebb tide. Three additional drifters were deployed ~1 hour 
prior to the end o f ebb tide. M ean current speeds decreased to a minimum o f 2.4 cm s '1 
just prior to the change in the drifter trajectories to the east. As the drifters moved to the 
east, the mean current speeds increased to 5.9 cm s'1 before decreasing to 1.3 cm s '1 as 
ebb tide ended. The maximum ebb current speed was 33.2 cm s '1. The predicted 
maximum ebb current speed was 20 cm s '1. The duration o f the ebb tide advection was 
approximately 15 hrs. The predicted ebb tide duration was 13 hrs and 59 min.
The mean ebb tide excursion was 2.4 km to the east and 4.4 km to the south.
The mean u  current speed was 5.0 ( ± 5.0) cm s '1 and ranged from -0.7 to 22.4 cm s"1 
during ebb tide. The mean v current speed was -8.5 (±  8.3) cm s*1 and ranged from -
26.5 to 0.9 cm s'1.
Winds were highly variable prior to the tracking session (See Figure 2.9). 
Southeast winds (1-4 m s '1) occurred during the first nine hours o f ebb tide advection. 
Then south winds (1 m s'1) occurred for two hours followed by southeast winds ( 1 - 3  
m s '1) for the next three hours. During the remainder of the ebb tide south winds (4 
m s '1) occurred. Despite these southerly winds, this tracking session had the greatest 
ebb tide advection to the south o f  any tracking session conducted in Hackberry Bay.
This was most likely a result o f  the narrow topography o f  Snail Bay. As ebb tide is 
propagated down the lower section o f Snail Bay, the tidal current speeds would
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increase, which would increase the advection to the south. This was observed during 
ebb tide. Mean current speeds and u  current speeds to the south increased rapidly as 
the drifters moved through the lower section o f Snail Bay. As the drifters exited Snail 
Bay and entered Hackberry Bay, the mean current speeds and mean u  current speeds 
decreased rapidly. After the drifters exited Snail Bay and entered the more open water 
o f  Hackberry Bay, they turned more to the south. The southeasterly winds that were 
occurring at this time could have altered the drifter trajectories to the west, but the 
coastal topography (and adjacent bathymetry) was probably more important in altering 
the drifter trajectories. Once the drifters had moved south of the island, the ebb tide 
currents would most likely be stronger and could account for the drifters being tide 
advected to the east for the remainder o f the ebb tide. Wind speed and direction did not 
change significantly during the ebb tide, so it is unlikely that the sudden change in 
drifter trajectories and increase in mean current speed could be the result o f  the wind. 
Mean current speeds increased as the drifters turned to the east and then declined again 
as ebb tide ended.
During flood tide, significant drifter separation occurred with the greatest 
distance between drifters exceeding 2 km by the end o f the tracking session. Seven of 
the drifters were advected to the west until they moved west of the island in the center 
o f Hackberry Bay and then moved to the northwest. The other two drifters were 
advected to the north on the southeast side o f the island. The mean current speeds 
increased from 1.3 cm s'1 to 8.2 cm s*1 during the flood tide advection. The maximum 
flood current speed of 8.2 cm s'1 occurred just prior to recovery of the drifters. The
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duration, o f the flood tide advection was approximately 9 hrs and 20 min. The predicted 
flood tide duration was 10 hrs and 52 min. Mean flood current speeds were still 
increasing slightly when the drifters were recovered. This suggests that additional flood 
tide advection could have occurred.
The mean flood tidal excursion was 1.1 km to the west and 1.1 km to the north. 
The mean u  current speed was -3.5 (±  1.5) cm s'1 and ranged from -5.3 to 0.2 cm s'1. 
The mean v current speed was 3.1 C — 2-5) cm s'1 and ranged from -0.2 to 8.0 cm s '1. 
Net mean tidal excursion was 1.3 km to the east and 3.3 km to the south.
Winds (1-2 m s"1) shifted from south to west and back to south over the first six 
hours o f flood tide. These wind could have increased the advection o f the drifters to the 
north, but they were weak and it is difficult to separate the effect o f these winds from 
the effect of the island and bottom bathymetry. Depths ranged from approximately 0.6 
m near the island to 1.2 m northwest o f the island.
Predicted maximum ebb and flood tides for this tracking session were the same, 
yet the ebb tide advection was significantly greater than the flood tide advection. Much 
o f the difference can be attributed to a smaller time duration during flood tide. 
Barataria Bay
Drifter tracking sessions 9,11, and 14 were conducted in upper Barataria Bay 
and originated from the same general location at or near slack tide followed by ebb and 
then flood tide. Predicted tidal currents are for a location approximately 2 km northeast 
o f Manilla (~3 km NNW of the origination point for the tracking sessions).
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Drifter tracking sessions 13,15,16,18, 21, and 22 were comducted in lower 
Barataria Bay and began at or near slack tide followed by flood and then ebb tide. 
Predicted tidal currents in lower Barataria Bay are for Barataria P ass, Pass Abel, or 
Independence Island (whichever was closest to the drifters). The tracking session 
descriptions are presented by location (upper Barataria Bay follow ed by lower Barataria 
Bay).
Tracking Session 9
On August 15, 1994, nine drifters were deployed in open waster —2.5 km SSW of 
St. Marys Point (Figure 2.11). The drifters were tide advected to thae south for 
approximately the first 4 hrs and 40 min of ebb tide and then moved! more towards the 
southeast for the remainder o f the ebb tide. One o f the drifters begaan to separate and 
move east o f the other drifters approximately 2 hrs and 45 min priorr to the end of the 
ebb tide. Four drifters were recovered at sunset. The predicted ebb tide duration was 
approximately 13 hrs and 06 min. The duration o f the ebb tide advection was 
approximately 11 hrs and 10 min.
The initial mean ebb current speed exceeded 17.0 cm s '1. D uring approximately 
the next 7 hrs and 20 min, mean current speeds increased and reached a maximum of 
39.9 cm s'1. Mean current speeds then decreased over the last 4 hrs ; and 10 min of ebb 
tide to a minimum of 4.4 cm s'1.
The mean ebb tidal excursion was 2.0 km to the east and 9.4- km to the south. 
Additional advection would most likely have occurred had the drifters been deployed, 
earlier. The mean u  current speed was 4.8 (±  4.6) cm s"1 and ranged from -0.8 to
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13.7 cm s'1. The mean v current speed was -23.2 (±  10.3) cm s '1 and ranged from -37.5 
to -0.5 cm s '1.
Northwest winds (5-6 m s '1) occurred for seven hours prior to and first three 
hours o f the tracking session. North winds (5-6 m s'1) occurred during the next five 
hours followed by northwest winds (2 m s'1) for two hours. Southwest winds (5-6 m s'1) 
which would have increased the advection to the south and then occurred until the end 
o f the ebb tide (<2 hrs). These winds could have increased ebb tide advection. A south 
to southeast drift could have occurred over a majority of the ebb tide as result of the 
winds caused the drifters to drift to the east as they were advected to the south (as was 
observed). This tracking session had the greatest mean tidal excursion to the south of 
any tracking session conducted.
During flood tide, all of the drifters initially moved to the east and then to the 
NNE for a period o f 3 hrs and 45 min. Then four of the drifters moved NNW while one 
drifter moved north until the end o f the flood tide (7 hrs and 30 min). The drifters were 
not recovered until after the next ebb tide had started. The duration o f the flood tide 
advection was 11 hrs and 15 min. The predicted flood tide duration was 11 hrs and 56 
min.
After flood tide began, the mean current speeds increased from 4.4 to 9.2 cm s'1 
as the drifters moved to the east. When the drifters were advected to the NNE, the mean 
current speeds increased to a maximum of 23.9 cm s*1 and then decreased to 12.7 cm s'1. 
As the drifters moved to the NNW, the mean current speeds increased to 20.5 cm s '1 and 
then decreased to a minimum of 1.1 cm s'1 at the end of the ebb tide.
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The mean flood tide excursion was 298 m to the west and 5.4 km to the north. 
The mean u  current speed was -0.3 (±  3.4) cm s*1 and ranged from -5.2 to 5.2 cm s'1. 
The mean v current speed was 14.0 (±  5.4) cm s'1 and ranged from 0.2 to 23.3 cm s '1. 
The net mean tidal excursion was 1.7 km to the east and 4.1 km to the south. Net mean 
advection, especially to the south, could have been greater if  the drifters had been 
deployed earlier. Northwest winds (6-12 m s"1) occurred during the first three hours of 
the flood tide. West winds (5-6 m s'1) occurred during the next two hours. Northwest 
winds (5-6 m s'1) occurred during the remainder o f the flood tide (approximately eight 
hours). These winds could have caused a general south to southeast drift to develop 
which would decrease advection to the north and cause the drifters to move more to the 
east (as was observed early dining the flood tide). This was observed during the first 3 
hrs and 30 min o f flood tide. But for the remainder of the flood tide, one drifter moved 
north while the remaining  drifters moved to the NNW. The drifter that was moved 
directly north had separated from the other drifters during the last part o f the ebb tide. 
There is no obvious explanation for the drifter trajectories dining this period of the flood 
tide. Bottom bathymetry may have been responsible. Depths in the area ranged from
1.5 to 2 m, but here were numerous shell reefs and oyster beds that could have altered 
the trajectories o f the drifters.
Tracking Session 10
On August 18, 1994, nine drifters were deployed approximately 2.5 km SSW of 
St. Marys Pt. (Figure 2.11). All drifters were advected southeast during the ebb tide. 
Four of the drifters were recovered at sunset after approximately 5 hrs and 50 min of
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ebb tide. The duration o f the ebb tide portion of the tracking session was approximately 
10 hrs and 30 min. The predicted ebb tide duration was 12 hrs and 37 min.
Mean current speed was 10.7 cm s'1 when the drifters were initially deployed and 
increased to a maximum of 28.4 cm  s '1 over the first six hours o f ebb tide advection. 
Mean current speeds then decreased over the remainder o f the ebb tide to a minimum of
8.5 cm s '1.
The mean ebb tidal excursion was 3.1 km to the east and 5.8 km to the south.
The mean u  current speed was 8.3 (±  4.1) cm s"1 and ranged from 1.3 to 13.9 cm s'1. 
The mean v current speed was -15.4 (±  5.7) cm s'1 and ranged from -25 to -1.1 cm s'1.
Ebb tide advection appears to have been significantly affected by wind events. 
Southwest winds (2-6 m s '1) dominated for -14  hrs prior to the beginning o f the tracking 
session (Figure 2.8). During ebb tide, the winds became highly variable. Northwest 
winds (2-4 m  s '1) occurred during the first four hours; west winds (3-4 m s '1) occurred 
during the next two hours; southwest winds (3 m s'1) occurred during the next two 
hours; south winds (4-6 m s '1) occurred during the next two hours; and southwest winds 
(5 m s"1) occurred during the remainder of the ebb tide. With the exception o f a 2-hour 
period, all o f  these winds had a westerly component to their direction. This could have 
caused the development o f a general drift to the east which would explain movement of 
the drifters to the southeast during the ebb tide. With the exception o f a 4-hour period, 
the winds described above had a  southerly component to their direction which could 
inhibit advection to the south which would explain the limited ebb tide advection to the 
south (as compared to tracking session 9 and 14).
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During flood tide, the drifters began to separate into two groups. The distance 
between the two groups o f  drifters increased over the duration of the flood tide. The 
drifters moved to the northeast and passed within 100 m o f Grand Island and another 
island to the northeast and then turned to the east (Figure 2.11). The drifters then 
moved east between Big Island (to the north) and a series of small islands (to the south) 
until flood tide ended. The four drifters that were recovered dining the ebb tide v/ere 
redeployed just prior to when the drifters moved to the east. All drifters were recovered 
shortly after the second ebb tide had started (Figure 2.11). The duration o f  the flood tide 
advection was approximately 12 hrs and 20 min. The predicted duration o f  the flood 
tide was 12 hrs and 21 min.
Mean flood current speeds increased from 8.5 cm s'1 to a maximum of 30.6 cm s' 
1 as the drifters were advected to the northeast. As the drifters moved northeast o f 
Grand Island and turned more to the east, the mean current speed gradually decreased to 
a minimum o f 6.8 cm s'1 as flood tide was ending.
The mean flood tidal excursion was 6.1 km to the east and 4.8 km to the north. 
The mean u  current speed was 11.6 (±  3.6) cm s '1 and ranged from 7.2 to 18.1 crn s *. 
The mean v current speed was 11.9 (±  8.4) m s '1 and ranged from -0.1 to 28.2 cm s 
The net mean tidal excursion was 9.3 km to the east and 1.1 km to the south.
Flood tide advection to the east was greater than ebb tide advection to the east. 
The duration o f  the flood tide advection was approximately 80 min more than the 
duration o f the ebb tide advection, but this could account for only a small portion o f the 
difference. Southwest winds (2-5 m s'1) occurred during the first 11 hrs o f  the flood tide
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and west winds (2-6 m s‘l) occurred during the remainder of the flood tide (Figure 2.8). 
Since west and southwest winds occurred most o f the time prior to and through the ebb 
tide and flood tide, and since there was a  longer period of time for the development o f 
an eastward drift, greater u current speeds and advection to the east might be expected 
during flood tide (as was observed). There may have been greater advection to the north 
if  the drifters had not moved east o f Grand Island (Figure 2.11). When the drifters 
moved east along the north shoreline (lee side) o f Grand Island, the u  current speeds 
increased while v current speeds decreased. This illustrates the effect o f coastal 
topography on advection and current speed.
The drifters for tracking session 10 were deployed at the same location as those 
for tracking session 9, yet the trajectories were dramatically different. The westerly 
component o f the winds that occurred over the majority of tracking session 10 was the 
only major difference and was most likely responsible for the significant mean 
advection to the east.
Tracking Session 14
On May 16, 1995, five drifters were deployed approximately 920 m west o f St. 
Marys Pt. and were advected primarily to the south (Figure 2.11). The drifters appeared 
to move east and west for short distances as they were advected to the south. The 
predicted duration of the ebb tide was 12 hrs and 43 min and the actual duration o f the 
ebb tide portion of the tracking session was approximately 8 hrs and 30 min. Drifter 
coordinates obtained during this tracking session were not differentially corrected.
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Mean current speeds during ebb tide were highly variable. In general, mean 
current speeds increased from 17.3 to 28.5 cm  s’1 during the first two hours and then 
decreased to 14.4 cm  s '1 over the next hour after drifter deployment. Mean current 
speeds increased to a  maximum of 41.3 cm s '1 and then decreased to 16.4 cm s '1 over the 
next 45 min. Mean current speeds then tended to decrease for the remainder o f the ebb 
tide (~4 hrs and 15 min) to a minimum of 3.7 cm s '1.
Mean ebb tide advection was 729 m to the east and 4.6 km to the south. 
Significant additional ebb tide advection (especially to the south) would most likely 
have occurred if  the drifters had been deployed earlier in the ebb tide. The mean 
u  current speed was 2.5 (±  1.2) cm s'1 and ranged from 0.3 to 4.7 cm s'1. The mean 
v current speed was -16.9 ( ± 8.0) cm s '1 and ranged from -41.1 to -1.2 m s '1.
During flood tide, the drifters were advected north and then curved northwest 
towards Bayou St. Denis. As during the ebb tide, the drifters apparently moved east and 
west for short distances as they were advected to the north. There was significant drifter 
separation during the flood tide. One drifter was lost near the end of the tracking 
session. All remaining  drifters were recovered as they grounded along the shoreline at 
Bayou St. Denis. Mean current speeds during the flood tide were highly variable but 
generally increased from a minimum of 5.5 cm  s*1 to a  maximum o f 37.8 cm s"1 over 
approximately the first ten hours of flood tide. During the next hour, the mean current 
speeds began to decrease. Mean current speeds were not calculated for the last three 
hours o f flood tide. The drifters were recovered as they began to ground on the 
shoreline at Bayou St. Denis. The duration o f  the flood tide portion of the tracking
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session was approximately 13 hrs. The duration o f the predicted flood tide was 12 hrs 
and 6 min.
The mean flood tidal excursion was 2.6 km to the west and 9.8 km to the north. 
I f  the drifters would have been deployed at the beginning o f  the ebb tide, then additional 
ebb tide advection would have likely occurred which could have allowed for greater 
advection to the north during flood tide. The mean u  current speed was -4.6 ( ± 6.1) 
cm s*1 and ranged from -24.5 to 2.0 cm s'1. The mean v current speed was 23.4 ( ± 8.4) 
cm s'1 and ranged from 2.5 to 36.9 cm s'1. The net mean tidal excursion was 1.8 km to 
the west and 5.2 km to the north.
The apparent east-west movements o f the drifters and the variability of the mean 
current speeds may have been a result of position error and not actual changes in drifter 
trajectories and mean current speeds.
The wind events prior to and during the ebb tide also could have limited 
advection to the south. Southwest winds (3-5 m s"1) occurred eight o f the nine hours 
prior to the tracking session and south winds (3-8 m s '1) occurred the last hour prior to 
and through the entire tracking session (Figure 2.9). With south winds, there is a fetch 
greater than 15 km between Barataria Pass and the location where the drifters were 
deployed. Such conditions could result in the development o f  a significant wind drift to 
the north which would decrease the ebb tide advection and increase the flood tide 
advection. This tracking session had the greatest mean flood current speed and mean 
flood tide advection to the north of any tracking session conducted.
54
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The flood drifter trajectories had a slight curve to the west which increased as 
the drifters approached the shoreline near Bayou St. Denis (Figure 2.11). This was most 
likely a result of the coastal topography. North o f St. Marys Pt. there are few major tidal 
passes. The closest major tidal pass was northeast o f the drifters near Bayou St. Denis. 
The drifters were most likely “funneled” towards this pass, but wind-generated currents 
may have been responsible for the drifters being advected to the shoreline at Bayou St. 
Denis, prior to reaching the pass. Mean current speeds were just starting to decrease 
when the drifters were recovered. Additional flood tide advection may have occurred if  
the drifters had reached Bayou St. Denis.
Tracking Session 13
On April 21, 1995, nine drifters were deployed approximately 1.1 km north of 
Barataria Pass. The drifters were initially advected to the northeast and then turned and 
moved more to the east. The drifter trajectories were nearly parallel with the Grand 
Terre Island approximately 900 m to the south. The drifters then turned slowly to the 
northeast in an arcing trajectory (Figure 2.12). Just prior to the end o f the flood tide, the 
drifters turned back towards the east. Significant drifter separation occurred as the 
drifters moved to the northeast. The duration of the flood tide portion of the tracking 
session was approximately 10 hrs and 20 min. The predicted duration o f flood tide was 
14 hrs and 3 min. The mean current speed was 11.4 cm s '1 after first 80 min and then 
decreased to 2.3 cm s'1 while the drifters moved to the northeast. As the drifters moved 
to the east, the mean current speeds increased to 12.5 cm s'1. When the drifters began
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arcing to the  northeast, the mean current speeds continued to increased rapidly to a 
maximum o f  24.3 cm s '1 and then decreased to 7.1 cm s '1 as flood tide ended.
The mean flood tide excursion was 2.5 km to the east and 3.7 km to the north. 
The mean Ti current speed was 9.8 (±  4.0) cm s'1 and ranged from 2.4 to 17.2 cm s'1. 
The mean v  current speed was 13.8 (±  7.6) cm s'1 and ranged from 1.1 to 22.4 cm s'1.
During the ebb tide the drifters were advected to the southeast towards Pass 
Abel. Four drifters were recovered at dusk (approximately 90 min after ebb tide began). 
The remaining  drifters were recovered as they moved into shallow water over the shoals 
approximately 1.2 km north of Pass Abel. The predicted duration o f the ebb tide was 
12 hrs and 14  m in . The duration o f the ebb tide portion o f the tracking session was only 
four hours. I f  the drifters had not been recovered, they would have either grounded on 
the shoals (0.3 to 0.7 m deep) or have been advected into the Gulf o f Mexico. The 
mean current speeds increased from a minimum o f 7.1 cm s '1 at the start of the ebb tide 
to a maximum of 15.8 cm s '1 when the drifters were recovered.
The mean ebb tidal excursion was 422 m to the east and 1.2 km to the south.
The mean u  current speed was 5.9 ( ± 0.5) cm s'1 and ranged from 5.3 to 6.6 cm s '1.
The mean v  current speed was -8.0 (±  4.8) cm s'1 and ranged from -14.6 to -0.4 cm s'1. 
The net m ean tidal excursion was 2,974 m to the east and 2,566 m to the north.
South winds (7-9 m s'1) occurred eight hours prior to the tracking session (See 
Figure 2.9). South winds (4-8 m s '1) also occurred during the first seven hours o f the 
tracking session. The close proximity of the drifters to the Grand Terre Island may have 
limited the effect o f the wind.
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As flood tide propagates north of the narrow channel o f Barataria Pass and 
enters the lower section o f  Barataria Bay it would widen. Grand Isle, Beauregard Island 
and Mendicant Island may limit tidal propagation to the west, resulting in increased tidal 
propagation towards the east. As flood tide propagates north o f Pass Abel, the presence 
o f  the smaller Grand Terre Islands to the east and Grand Bank Bayou to the northeast, 
would tend to limit tidal propagation to the east and increase tidal propagation to the 
northwest. This would explain the drifters moving initially to the east and then to the 
northeast as they approached Pass Abel.
When ebb tide began, the drifters were NNW o f Pass Abel. The drifters were 
advected SSE towards Pass Abel during ebb tide. Mean current speeds increased 
rapidly through the ebb tide despite the occurrence of south winds (5-7 m s"1) for the 
duration of the tracking session.
Tracking Session 15
Nine drifters were deployed approximately 500 m east o f the southern tip of 
Mendicant Island (Figure 2.12). The drifters were advected west across the Barataria 
Waterway and into Bay Des Ilettes during flood tide. The duration o f the flood tide 
advection was approximately seven hours. The predicted duration the flood tide was 13 
hrs and 54 min. This suggest that additional advection to the west would have been 
expected if  the drifters had been deployed earlier during the ebb tide.
Mean current speeds were highly variable. This may have been due to the fact 
that the drifter coordinates obtained during this tracking session were not differentially 
corrected which could have resulted in greater position error. The flood mean current
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speed was approximately 17 cm s'1 approximately two hours after the deployment of the 
drifters and generally decreased to approximately 6.4 cm s'1 as flood tide ended. The 
maximum flood current speeds may have occurred earlier (prior to deployment o f the 
drifters or before mean current speeds began to be calculated).
The mean flood tidal excursion was 3,834 m to the west and 820 m to the south. 
The mean u  current speed was -10.5 ( ± 4.2) cm s"1 and ranged from -16.9 to -1.2 
cm s '1. The mean v current speed was -2.8 ( ± 2.5) m s"1 and ranged from -8.7 to 0.5 
cm s '1.
During ebb tide, the drifters were advected southeast along the southwest 
shoreline o f Beauregard Island, into Bayou Fifi, and then east towards Barataria Pass 
where the drifters were recovered near the northeast end o f Grand Isle. Four o f the nine 
drifters were recovered prior to sunset (approximately 5 hrs and 30 min after ebb tide 
started). The duration of the ebb tide advection was approximately 9 hrs and 30 min. 
The predicted duration o f the ebb tide was 13 hrs and 34 min. This suggests that if the 
drifters would have remained in the water until the end o f the ebb tide, they would have 
moved through Barataria Pass and into the Gulf o f Mexico.
Mean current speed at the start of the ebb tide was approximately 6.4 cm s'1 and 
then increased to i l .2  cm s '1 as the drifters were advected along the southwest shoreline 
o f  Beauregard Island. As the drifters entered Bayou Fifi and approached Barataria Pass, 
the mean current speed increased rapidly to 40.6 cm s'1 before the drifters were 
recovered. The predicted maximum ebb current speed for Barataria Pass was 60 cm s'1.
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Mean current speeds would most likely have continued to increase i f  the drifters had 
been allowed to move east o f Grand Isle and out of Barataria Pass.
The mean ebb tidal excursion was 3.5 km to the east and 2.4 km to the south.
The mean u  current speed was 16.0 ± 11.5 cm s'1 and ranged from 0.35 to 39.4 cm s'1 
The mean v current speed was -9.2 ± 4.4 cm s'1 and ranged from -13.5 to 6.1 cm s'1.
The net mean tidal excursion was 293 m to the east and 3.2 m to the south.
Results of this tracking session suggest that strong east-west currents between 
Barataria Bay and Bay Des Ilettes are possible through the pass between Mendicant and 
Beauregard Islands, especially during tropic tides (See Figure 2.12). After the drifters 
entered Bay Des Ilettes, the presence o f  Beauregard Island most likely inhibited 
advection to the north and enhanced advection to the east. When ebb tide began, the 
drifters were advected around the southwest side of Beauregard Island (which was a 
more direct route to Barataria Pass). At times during ebb tide, the drifters moved within 
50 m o f shoreline. The coastal topography and adjacent bathymetry prevented a more 
direct route towards Barataria Pass. Once the drifters had been advected around 
Beauregard Island, they moved rapidly east into Bayou Fifi towards Barataria Pass. The 
rapid increase is current speed as the drifters entered Bayou Fifi is most likely a result of 
a “funneling affect” that could result as the ebb tide was propagated through the narrow 
pass.
The predicted maximum flood current speed was 90 cm s'1, yet there was no 
advection to the north during flood tide. North winds persisted for five hours prior to 
and through the duration o f the tracking session (See Figure 2.9). The wind speeds
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ranged from 9-11 m s'1 prior to the tracking session and from 3-10 m s'1 during the 
tracking session. There was no advection to the north either in Barataria Bay or in Bay 
Des Ilettes. The mean u  current speed exceeded 10 cm s"1 to the west during the flood 
tide and resulted in significant advection to the west. It appears that the wind not only 
may have prevented advection to the north, but may have been indirectly responsible for 
moving the drifters west into Bay Des Ilettes by redirecting the flood tide advection to 
the west.
This tracking session had the greatest ebb mean u current speed and the second 
greatest ebb tide advection to the east o f any tracking session conducted. This was most 
likely due to the flood tide advection o f the drifters to the east and the strong ebb 
currents directed along the southwest side of Beauregard Island. Advection to the south 
was limited due to the lack o f advection to the north during flood tide and the early 
recovery of the drifters as they neared Barataria Pass.
Tracking Session 16
On June 23, 1995, nine drifters were deployed ~1.7 km northwest o f Pass Abel. 
During the flood tide, the drifters were initially advected to the north and then to the 
northwest. As the drifters began to move to the northwest, one o f the drifters (drifter 7) 
was advected more to the east which resulted in separation from the other drifters 
(Figure 2.12). The duration o f the flood tide portion of the tracking session was 
approximately 13 hours.
Mean current speed increased from 15.3 cm s*1 to 40.9 cm s'1 during 
approximately the first 3 hrs and 30 min o f the tracking session. The mean current
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speeds decreased to 5.1 cm s '1 with some variability during the remainder o f  the flood 
tide. The maximum mean flood current speed was 40.9 cm s'1.
Mean flood tide advection was 3.2 km to the west and 9.5 km to the north. The 
mean u  current speed was -6.8 (±  3.7) cm s '1 and ranged from -12.0 to 2.31 cm s '1.
The mean v current speed was 23.0 ( ± 9.9) cm s '1 and ranged from 8.83 to 40.5 cm s '1.
During ebb tide, the drifters were advected initially to the west and then turned 
and moved to the south. Three drifters were recovered at sunset north o f Bird Reef.
The distance between drifter 7 and the other drifters continued to increase during the 
ebb tide. Drifter 7 was ~2 km northeast of the main group of drifters at the time of 
recovery. The duration o f the ebb tide portion o f the tidal cycle was approximately 
10 hrs and 20 min. The predicted ebb tide duration was 11 hrs and 29 min. Although 
the duration o f the ebb tide portion o f the tracking session was less than the predicted 
ebb tide duration, the drifters were beginning to move to the north when they were 
recovered which indicates that ebb tide had ended.
Mean ebb current speed increased from approximately 5.1 cm s'1 to 7.1 cm s'1 as 
the drifters were advected to the west. When the drifters turned and moved to the south 
the mean current speeds increased rapidly to a  maximum of 22.7 cm s '1 and then 
decreased to a minimum of 1.9 cm s'1 (just prior to recovery o f the drifters).
The mean ebb tidal excursion was 30 m to the east and 5.6 km to the south. The 
mean u  current speed was -0.1 (±  2.9) cm s'1 and ranged from -5.0 to 5.5 cm s '1. The 
mean v current speed was -12.0 (±  5.6) cm s '1 and ranged from -22.5 to -0.1 cm s'1.
The net mean tidal advection was 3.2 km to the west and 3.9 km to the north.
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Tracking session 16 resulted in the second greatest flood tide advection and 
second greatest flood mean v current speed to the north o f any tracking session 
conducted. Southeast winds occurred dining a  4-hour time period prior to the tracking 
session (Figure 2.9). South winds (2-4 m  s'1) occurred during the first nine hours o f  the 
flood tide. Southwest winds (0-2 m s"1) occurred over the last three hours o f flood tide. 
Since southerly winds persisted prior to and through the flood tide, it is likely that the 
wind stress would have enhanced mean current speeds and increased advection to the 
north. Wind events can not explain the drifters curving slightly to the west, then east, 
and then to a greater extent back to the west while they were advected to the north. 
Bathymetry may have caused these slight changes in the drifter trajectories. The 
bathymetry adjacent to Grand Bank Bayou north o f  Pass Abel most likely direct flood 
currents to the northwest. North of Grand Bank Bayou, Barataria Bay widens which 
would allow the drifters to move further to the east. As the drifters continued to move 
north, the presence o f Grand Island and surrounding bathymetry would cause the drifters 
to move more to the west.
West winds (1-2 m s '1) occurred during the first three hours o f the flood tide 
portion o f the tracking session, but appear to have had little effect on the drifter 
trajectories. During this period, the drifters moved to the west and then turned to the 
south. Over the next three hours, the winds were variable (1-3 m s '1) and alternated 
from northwest to east and then back to northwest. Southeast winds (2-5 m s'1) occurred 
for the remaining four hours of the ebb tide portion o f the tracking session. The
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southeast winds during the last four hours o f the tracking session may have decreased 
advection to the south during the last part o f the ebb tide.
Tracking Session 18
Nine drifters were deployed near Bird Reef and were advected initially south and 
then to the southwest until they approached Queen Bess Island (See Figure 2.12). Since 
all flood tide advection was towards the south, it was difficult to determine when flood 
tide ended and ebb tide began. Using mean current speeds, it was determined that ebb 
tide most likely ended as the drifters turned to the southeast just north o f Queen Bess 
Island. The mean flood tidal excursion was 578 m to the west and 2.9 km to the south. 
The estimated duration of the flood tide portion of the tracking session was 
approximately 9 hrs and 15 min and the predicted duration of the flood tide was 
approximately 14 hrs and 11 min. This suggests that a significant portion o f  the flood 
tide was not observed.
Mean current speeds were variable and initially increased from 8.6 to a 
maxim um  of 12.5 cm s'1 during the first 100 min of flood tide and then decreased 
slowly to 4.3 cm s'1 over the remainder o f the flood tide (approximately 7 hrs and 30 
min).
During ebb tide, the drifters moved southeast around the east side o f  Queen Bess 
Island and then continued to the south toward Barataria Pass (See Figure 2.12). Three 
of the drifters were recovered at sunset. The remaining drifters were recovered as they 
entered Barataria Pass or became grounded. The mean ebb tidal excursion was 995 m 
to the east and 2.9 km to the south. The estimated duration o f the ebb tide portion o f the
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tracking session was approximately six hours. The predicted duration of the ebb tide 
was 9 hrs and 18 min.
During the first two hours o f flood tide, the mean current speeds increased to
21.6 cm s '1 and then decreased to 17.8 cm s'1 as the drifters moved around Queen Bess 
Island. After the drifters moved south of Queen Bess Island, the mean current speeds 
then increased to 33.1 cm s'1 and then decreased to 27.1 cm s'1 as the drifters moved 
towards Barataria Pass.
The net mean tidal excursion advection was 417 m to the east and 6.4 km to the 
south. Only limited additional advection to the south could have occurred before the 
drifters would have exited Barataria Pass.
The lack o f advection to the north during flood tide cannot be adequately 
explained. Other than Queen Bess Island, there were no topographic or bathymetric 
features that could explain the lack of advection to the north during the flood tide. 
Although the drifters were deployed after flood tide had started, significant time 
remained for some flood tide advection to the north to occur.
The wind data does not provide a satisfactory explanation either. South to 
southeast winds (2-8 m s '1) dominated for 34 hrs prior to tracking session 18 (Figure 
2.9). Southwest winds (1-3 m s*1) occurred during the first four hours of the tracking 
session. Dining the remaining five hours of flood tide and first hour of ebb tide, 
northwest winds (1-4 m s'1) dominated. During the next three hours, southeast winds 
(2-3 m s'1) occurred, followed by south winds (2-3 m s'1) during the remainder of the 
tracking session (<2 hrs).
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Despite southwest winds during the first four hours o f the flood tide, the was 
over 1.2 km o f advection to the south. The presence of northwest winds during the last 
five hours o f the flood tide should have been increased advection to the south (or 
southeast), yet there was 200 m less advection to the south during this time period than 
in the previous four hours when winds were out o f the south. Mean ebb current speeds 
increased rapidly despite the occurrence o f  southerly winds during the majority o f the 
ebb tide. The presence of a counterclockwise eddy in the main section o f  Barataria Bay 
could explain the observed drifter trajectories.
Tracking Session 21
On June 5, 1996, eight drifters were deployed approximately 1.5 km north of 
Barataria Pass (Figure 2.12). The drifters were advected initially to the north for 
approximately the first two hours and then to the northwest for the remainder o f the 
flood tide. During the latter portion o f the flood tide, the drifters moved within 50 m of 
the marshes at Bassa Bassa. The duration o f the flood tide portion of the tracking 
session was approximately 12 hrs. The predicted flood tide duration was 13 hrs and 18 
min,
Approximately one hour after the first drifter was deployed, the mean current 
speed was a maximum of 34.4 cm s"1 and decreased to 18.0 cm s'1 over the next five 
hours o f flood tide. There was a slight increase in mean current speed to 21.8 cm s'1, but 
it is unknown whether there was further increase (due to missing observations for the 
subsequent 2-hour period). During the last two hours o f the flood tide, the mean current 
speeds decreased from 18.4 to a minimum of 3.7 cm s'1.
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Mean flood tidal excursion was 2.7 km to the west and 7.7 km to the north. The 
mean u  current speed was -7.7 (±  4.7) cm s '1 and ranged from -15.4 to 6.2 cm s'1. The 
mean v current speed was 22.9 ( ± 5.7) cm s '1 and ranged from 15.9 to 33.8 cm s'1.
During ebb tide, the drifters were advected to the southeast along the marshes at 
Bassa Bassa and then turned slowly to the southwest around the southeast facing 
shoreline until reaching East Champagne Bay. After the drifters entered East 
Champagne Bay, they turned to the west and crossed the Barataria Waterway. Four 
drifters were recovered at sunset just before the remaining drifters turned to the 
southwest. The remaining drifters were recovered after the next ebb tide had started. 
The duration o f the ebb tide portion of the tracking session was approximately 10 hrs. 
The predicted duration of the ebb tide was 11 hrs and 20 min.
Mean current speeds during ebb tide increased rapidly from -a minimum of 3.7 to 
a  maximum o f 28.1 cm s'1 while the drifters were moving south along the shoreline at 
Bassa Bassa. As the drifters turned to the southwest, the mean current speeds 
decreased to 8.3 cm s'1. The mean current speeds began to increase as the drifters turned 
west and approached the Barataria Waterway. Mean current speeds were not calculated 
for the remainder o f the ebb tide due to possible drifter position errors, so it is unknown 
if  the mean current speeds continued to increase.
The mean ebb tidal excursion was 479 m to the west and 3 km to the south. The 
mean u  current speed was -1.2 (±  6.1) cm s '1 and ranged from -8.8 to 9.5 cm s '1. The 
mean v current speed was -12.0 (±  6.9) cm s'1 and ranged from -26.7 to -1.8 cm s '1.
The net mean tidal excursion was 3.2 km to the west and 5 km to the north.
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The advection during flood tide for this tracking session, along with tracking 
sessions 14 and 16, indicate that up-estuary advection from 7.5 km to nearly 10 km is 
possible during a  single flood tide is possible in the open water o f Barataria Bay. The 
ebb tide advection for this tracking session suggests that there can be significant tidal 
exchange between Barataria Bay and Bay Des Ilettes to the west. This was also 
observed further south between Mendicant and Beauregard Islands during flood tide for 
tracking session 15.
Winds must also be considered. West to southwest winds (1-3 m s '1) occurred 
over a 4-hour period prior to drifter deployment (See Figure 2.13). South winds (2-4 
m s'1) occurred during the first ten hours o f the tracking session. Southeast winds (2-4 
m s'1) occurred during the last two hours of the flood tide and continued through the ebb 
tide portion o f the tracking session. Winds might explain the initial movement o f the 
drifters to the northeast after deployment, but can not explain the eventual advection o f 
the drifters to the northwest during the remainder o f the flood tide. The southeast winds 
that occurred during the ebb tide could have increased current flows to the west through 
East Champagne Bay. These winds could also explain the why the drifters remained 
close to the shoreline at Bassa Bassa and along the north shore o f East Champagne Bay 
during the ebb tide.
The ebb tide excursion was greater than the flood tide excursion (especially in 
the north-south direction). The predicted maximum flood current speed at Barataria 
Pass was 40 cm s'1 greater than the predicted maximum ebb current speed and this is
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Figure 2.13. Wind velocity and direction recorded at the Coastal-Marine Automated Network 
(C-MAN) station, Grand Isle, LA, from 17 May to 16 June 1996. The occurrences of drifter 
tracking sessions 21 and 22 are indicated.
most likely the reason for the significant difference between flood and ebb tide 
advection. But the southerly winds that occurred during ebb tide may also account for 
some o f the difference as well. Such winds would cause a northerly drift which would 
decrease the advection to the south. Advection to the south during the latter portion o f 
the ebb tide was most likely decreased by the coastal topography as well. Once the 
drifters entered East Champagne Bay, movement to the south was inhibited by the 
presence o f  Mendicant Island and other small islands to the west.
Tracking Session 22
On June 9, 1996, 9 drifters were deployed approximately 1.8 km southeast o f 
Queen Bess Island (Figure 2.12). During the flood tide the drifters moved primarily 
towards the northeast. The duration o f the flood tide portion o f the tracking session was 
approximately 7 hrs and 30 m in. The predicted duration o f the flood tide was 8 hrs and 
18 m in . The drifters may have been deployed after low water, but the initial mean 
current speeds suggest that little additional advection would have occurred if  the drifters 
had been deployed earlier. Flood mean current speeds increased from a minimum o f 0.9 
to a m axim um  o f 7.4 cm s '1 and then decreased to 2.0 cm s '1 near high water.
The mean flood tidal excursion was 770 m to the east and 323 m to the north. 
The mean u  current speed was 3.4 ( ± 2.2) cm s'1 and ranged from -0.5 to 6.7 cm s '1. 
The mean v current speed was 1.3 (±  1.1) cm s'1 and ranged from -1.5 to 3.4 m s*1.
During the ebb tide, the drifters were advected primarily to the east for 
approximately 6 hrs and 30 min. Mean current speeds initially decreased to a minimum 
o f  2.3 cm s '1 and then increased steadily until the drifters were recovered. The
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maximum current speed was 12.0 cm s '1 and occurred near the end of the tracking 
session. All but one o f the drifters were grounded on the shallow water shoals 
northwest o f Pass Abel at the time o f recovery. The drifters were not redeployed due to 
the shallow water (0.3 m) and the proximity to Pass Abel.
Mean ebb tide advection was 1 km to the east and 35 m to the north. The mean 
u  current speed was 5.6 (±  3.5) cm s'1 and ranged from 1.5 to 11.5 cm s'1. The mean 
v current speed was 0.3 (± 1 .6 ) cm s '1 and ranged from -1.5 to 3.3 m s'1.
West winds (2-9 m s*1) persisted for nine hours prior to the tracking session 
(Figure 2.13). Northwest winds (4-8 m s'1) occurred during the first seven hours o f the 
tracking session. North winds (2-6 m s '1) occurred just prior to high water and 
continued during approximately the first five hours o f  ebb tide. Northeast wind 
occurred during the last 1-2 hrs of ebb tide portion o f the tracking session. These winds 
would force an east to southeast drift which would increase advection to the east while 
limiting advection to the north during the flood tide (as was observed).
The movement o f the drifters eastward towards Pass Abel during ebb tide was 
not unexpected. At high water, the drifters were closer to Pass Abel than to Barataria 
Bay. The drifters were advected slightly to the north despite the occurrence o f north 
winds during a majority of the ebb tide. This was most likely a result of the shoals that 
extend approximately 1.2 km north o f Pass Abel. Water depths over these shoals is 
extremely shallow (0.3 m). The drifters appear to have been deflected to the north by 
the presence o f these shoals. The limited advection to the north and movement o f the 
drifters to the east illustrate the importance o f wind forcing during equatorial tides.
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CONCLUSIONS
At time scales o f a tidal cycle (diurnal) or less, tides appear to be the most 
important factor determining advection within Barataria Bay (including Hackberry Bay 
and Bay Batiste). Thirteen o f the fifteen tracking sessions conducted had some up- 
estuary advection during the observed flood tide and down-estuary advection during the 
observed ebb tide. Wind forcing, coastal topography, and bottom bathymetry all 
appeared to alter the direction o f the tidal advection, but this varied considerably within 
and between locations.
Bay Batiste
The effect of local winds appears to be reduced within Bay Batiste and is most 
likely due to a sheltering effect o f the shoreline on all but the southwest end o f the bay. 
In the more open water southwest o f the entrance to Bay Batiste, local winds can have a 
greater effect, especially when tidal currents are weaker. This was apparent in the 
drifter trajectories o f all three tracking sessions conducted in Bay Batiste, especially in 
tracking session 12.
During flood tide o f tracking session 8, the drifter cluster was advected along a 
number o f small islands. Luckenbach and Orth (1992) found that blue crab megalopae 
were capable o f maximum sustained swimming speeds o f 12.6 cm s '1 and short bursts in 
excess of 20 cm s '1. This suggests that blue crab megalopae may have had an 
opportunity to reach the shoreline. Regardless of swimming ability, any larvae that may 
have been within the drifter cluster during tracking session 12 would most likely have
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encountered the vegetated shoreline along the headland during the last part o f the flood 
tide.
The effect o f  local winds south o f the entrance to Bay Batiste appear to be 
capable altering the direction of tidal advection away from the central axis and towards 
the shoreline o f Bay Batiste. This in turn may allow larvae to encounter marsh habitat 
along the shoreline for settlement (and possible recruitment).
Hackberry Bay
The majority o f  the tidal exchange in Hackberry Bay occurs with Barataria Bay 
and Grand Bayou (which leads to Barataria Bay). The tidal exchange with Barataria 
Bay occurs primarily in the southeast part o f the bay (south o f Bayou Defond). Strong 
tidal exchange with Grand Bayou (and indirectly with Barataria Bay) occurs through a 
wide opening at the northeast part of Hackberry Bay. There also appears to be some 
tidal exchange with Creole Bay through a narrow tidal channel (Creole Pass) and with 
Barataria Bay through Bayou Defond.
A significant part o f the flood tide that propagates from Barataria Bay into 
Hackberry Bay does so through the pass south o f Bayou Defond and generally appears 
to move northwest across Hackberry Bay into Snail Bay. Flood current speeds in the 
passes can exceed 30 cm s '1 while current speeds within Hackberry Bay can exceed 28- 
30 cm s '1. Flood current speeds in Snail Bay can exceed 24 cm s'1. Advection from 
Barataria Bay, through Hackberry Bay, and into the upper section of Snail Bay is 
possible in just a single flood tide. While the narrow topography o f Snail Bay enhances 
the opportunity for settlement of larvae, current speeds can exceed the maximum
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horizontal swimming speeds o f  blue crab megalopae which would deter settlement 
despite the close proximity o f  shoreline. Settlement would still be possible if  a  patch 
were moving in Snail Bay when current speeds were reduced (near slack water).
It appears that retention is likely if  larvae are advected into Hackberry Bay. The 
drifter cluster for tracking session 17 was advected from the northeastern part o f  
Hackberry Bay to Barataria Bay during ebb tide, but was advected back into Hackberry 
Bay and into Snail Bay to the northwest.
The complex topography and shallow bathymetry o f Hackberry Bay can 
significantly alter the direction o f tidal currents. This was especially apparent around 
the island in the center o f  Hackberry Bay. The effect o f coastal topography and islands 
on dispersion of the drifter cluster is discussed in Chapter 3, but it should be noted here 
that large drifter separations (as observed during tracking sessions 11 and 20) can alter 
advection (distance and direction) as well.
Local winds appear to have a limited effect on advection in Hackberry Bay 
except in the southern part o f the bay during easterly winds (tracking session 17). There 
are few topographic features to impede easterly winds and resulting wind drift from 
Barataria Bay to the east. This too serves to retain larvae and enhance settlement in 
marshes on the west side o f the Hackberry Bay.
Barataria Bay
Flood and ebb tide excursion within the bay can exceed 9,400 m (tracking 
sessions 9, 14 and 16). It is also possible to have down-estuary advection on the west 
side o f the Barataria Bay during a flood tide (tracking session 18). In general, Barataria
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Bay had the greater mean advection during both flood and ebb tides than Bay Batiste 
and Hackberry Bay. Within Barataria Bay, advection was greater near the central axis 
than along the perimeter o f the bay.
Proximity to the passes (Barataria Pass and Pass Abel) is important in 
determining retention within the Barataria Bay. It appears that larvae within 5,000 m of 
Barataria Pass (tracking sessions 15 and 18) or within 3,200 m of Pass Abel (tracking 
sessions 13 and 22) when ebb tide begins will likely be exported from Barataria Bay 
into the Gulf o f Mexico. An assumption was made that vertical migrations by larvae 
over most o f Barataria Bay would be ineffective due to the shallow depths and relatively 
flat bathymetry over much o f the domain. In the dredged ship channel within Barataria 
Pass (where depths range from 4  to 20 m) though, vertical migrations could be effective 
at preventing exportation and may even be effective in Pass Abel where depths range 
from 3 to 4  m. In a study o f temporal and vertical distribution of crab larvae in a tidal 
pass o f Matagorda Bay, Texas, Lochmann et al. (1995) found that megalopae were more 
abundant in the pass during flood tide than during ebb tide (which would be expected if 
megalopae are swimming to the bottom to avoid ebb tide currents). Depths in the tidal 
pass varied from 15 to 18 m.
It appears that there can be significant lateral flow between Barataria Bay and 
Bay Des Ilettes. Ebb and flood tide current speeds in lower Barataria Bay (and Bay Des 
Ilettes) can exceed 40 cm s'1 (near the Barataria Pass and Pass Abel), although maximum 
current speeds are generally less. In upper Barataria Bay, maximum ebb current speeds 
can exceed 41 cm s*1 and m axim um flood current speeds can exceed 37 cm s'1. In
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general, mean current speeds were stronger in Barataria Bay than in Bay Batiste or 
Hackberry Bay. It should be noted, that significant mean current speeds did occur in 
Snail Bay and Grand Bayou (See Hackberry Bay above). Within Barataria Bay, mean 
current speeds were generally stronger near the central axis than along the perimeter o f 
the bay (where it is shallower). These findings support those o f a modeling study o f the 
Barataria Basin conducted by Park (1998) using a depth-integrated two-dimensional 
model.
Wind events also have a significant affect on tidal excursions within the bay.
For example, the predicted maximum ebb and flood current speeds for tracking session 
14 were the same, yet flood tide excursion was more than twice the ebb tide excursion 
due to persistent south winds that occurred during both ebb and flood tide.
Wind events can also alter the direction o f the tidal excursion as well (tracking 
session 9, 10, 15, 21, 22). The strong north winds that occurred prior to and during 
tracking session 15 appear to have created a southward drift strong enough to have 
altered the flood tide excursion to the east (along with the effect o f the coastal 
topography). Easterly or westerly winds appear to also be able to create significant drift 
laterally across the main axis o f Barataria Bay which can alter ebb and flood tide 
advection substantially to the west or east (tracking sessions 10,21, and 22). For 
example, tracking sessions 9 and 10 were started from the same location and had the 
same predicted maximum ebb and flood currents, yet the tidal excursions were different. 
Tracking session 10 had a significantly smaller ebb tide excursion to the south than 
tracking session 9, but had the greatest flood tide excursion to the east of any tracking
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session conducted. The only major difference between the tracking sessions was the 
presence o f  southwest and west winds during tracking session 10.
While much o f  Barataria Bay consists o f open water, the presence of small 
islands and irregular shoreline along the perimeter o f  the bay can alter the direction and 
speed o f  tidal flows (tracking sessions 13,16, 15, 21, and 22), but their effect was not 
easily separated from the effect o f the wind.
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CHAPTER 3: PATTERNS OF DISPERSION  
INTRODUCTION
Dispersion generally describes the dilution of the substance through mixing with 
the surrounding fluid, but the term is also applied to the spreading o f immiscible 
substances such as sediment or larvae that do not undergo any dilution (Lewis 1997). 
Dispersion includes deformations, which is the resolved large-scale fluid motion, and 
turbulent diffusion, which is the unresolved small-scale fluid motion viewed as the 
random movement o f individual particles.
Although mean advection and velocity are important, they do not fully describe 
what happens to a patch or cluster o f planktonic larvae over a tidal cycle. While being 
transported, dispersion changes the shape, orientation, and size o f a patch. This can 
result in a change in the relative position o f individual larva within a patch over time, 
which may determine if  the larva is retained or will encounter vegetated habitat for 
settlement.
Lewis (1997) described the effect o f three different eddy scales on transport 
and spreading o f a patch o f material. They are advective eddies, dispersive eddies, and 
diffusive eddies. Advective eddies are those that are larger than a patch and transport 
the patch without affecting its shape. Dispersive eddies are those that are comparable to 
or smaller than a patch and result in distortions o f the patch shape. Diffusive eddies are 
those eddies which are much smaller than the patch and play a diffusive role resulting in 
the smoothing of patch distortions and irregularities. In reality, a patch will encounter 
eddies in many spatial scales at any given time.
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Dispersive processes can affect planktonic larvae within a patch. In simulations 
o f the effect o f dispersion on plankton abundance and population rates, Power (1996) 
found that observed concentrations o f conserved buoyant plankton can change 
substantially in a 24-hour period even when there is no reproduction or mortality o f the 
plankton in the patch..
Saucier (1953) described the linear properties o f the field o f horizontal 
atmospheric motion that can be apply to the field horizontal fluid motions as well. I f  u 
is the flow component in the x-direction and v is the flow component in the y-direction 
in a horizontal coordinate plane, the linear properties o f motion at any point in the flow 
field are (also see Stewart (1945)):
divergence du/ dx + dv/ dy
vorticity dvjdx -  du/ dy
stretching deformation du/dx -  dv/dy
shearing deformation dvj dx + du/ dy
Each o f these properties is described below:
Divergence
Divergence is the sum of the different rates of stretching along the x-axis and y- 
axis, or in the case of Lagrangian coordinates (those moving with the mean fluid flow of 
the patch), the u-axis and 6-axis. If the value is positive, then divergence has occurred.
I f  the value is negative, then convergence has occurred. Pure divergence (in the absence 
o f the other linear properties above) results in a change in the size and possibly the
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shape o f the patch. Patch orientation is maintained and patch shape will only change 
when the stretching rates differ along each axis.
When water at the surface flows away from the center o f a moving patch, a  
divergence occurs. As a result, water must come up from below the surface and flow 
outward, resulting in an increase in patch volume, and a decrease in concentration and 
change in the relative positions of particles in the patch o f water. Conversely, when 
water at the surface flows toward the center o f  a moving patch, a negative divergence or 
convergence occurs. Water then must flow toward the center and move down from the 
surface. The net result is a decrease in patch area, and an increase in concentration and 
change in the relative position of any particles within the patch o f water.
Vorticity
Vorticity is the tendency o f portions o f a fluid to rotate as it flows and is directly 
related to the quantity known as velocity shear (Pond and Pickard 1983). Vorticity is 
the sum o f the rotation o f along the coordinate axis or in a Lagrangian framework, the 
sum of shear along a-axis and 6-axis. I f  the fluid motion is pure vorticity (no other 
linear properties occurring), then only the patch orientation is affected and path size and 
shape are unchanged (Saucier 1953). The tendency of a horizontal flow to diverge or to 
converge affects the rate o f relative vorticity.
Stretching Deformation
Stretching deformation is the difference between the stretching rates along pr­
axis and 6-axis (Saucier 1953). If  the value is positive, then there is stretching along 
the a-axis and shrinking along the 6-axis. If  the value is negative, then there is
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stretching along the 6-axis and shrinking along the a-axis. Pure stretching deformation 
results in stretching along one axis and shrinking along the other axis. Patch shape 
changes, but patch size and orientation is unchanged.
Shearing Deformation
Saucier (1953) defined shearing deformation as the rotation o f one coordinate 
axis through a single particle minus the rotation o f the other coordinate axis or simply 
the difference between two components o f shear. Using Lagrangian coordinates, pure 
shearing deformation is the rotation o f the a-axis through the patch centroid minus the 
rotation o f the 6-axis. If  the motion is pure shearing deformation (without the effect of 
the other linear properties), then there is positive shear along one coordinate axis and 
negative shear o f equal magnitude along the other with conservation o f patch size and 
orientation (only patch shape is effected).
In reality, if  two parts of a patch of water are in relative motion, friction will 
occur. The two parts may be moving in the same direction at different velocities or they 
may be moving in opposite directions. In either case, a velocity shear will occur and the 
patch will be distorted. If the shear remains long enough for small-scale turbulence 
(unresolved fluid motions) to promote mixing between the two parts of the patch, the 
patch will not return to the original shape (prior to the shear) and the patch surface area 
will increase.
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MATERIALS AND METHODS
Drifter Design and Drifter Tracking
See “Drifter Design” and “Drifter Tracking” in the “Materials and Methods” 
section of Chapter 2.
Calculations o f Deformations and Increases in Patch Variances and Covariance
Two-dimensional deformations can be quantified by measuring the change in 
relative position o f drifters in relation to the moving centroid or adjacent drifters over 
time. By using a methodologies developed by Okubo and co-workers, horizontal 
divergence, relative vorticity, stretching deformation rates, and shearing deformation 
rates as well as increases (or decreases) in patch variances (and covariance) can be 
quantified from drifter observations (Okubo and Ebbesmeyer 1976, Okubo et al. 1976). 
Using the partial derivatives d u (Jc)l d x , d u (J d )jd y , d v ( k ) f d x , d v { k ) jd y
that were calculated as regression coefficients in the multiple linear regression 
procedures described in Chapter 2, the following deformations at time k  are calculated 
as follows (Okubo and Ebbesmeyer, 1976):
Horizontal divergence =
du(Jc) d v ( k )
d x  dy
Stretching deformation rate =
d u ( k ) d v (k )
dx dy
Shearing deformation rate =
d v ( k )  d u ( k )
dx  dy  
82
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
d v(k )  du(k)
Relative Vorticity = ---------- — — -----
ox oy
Okubo et al. (1976) developed a procedure using multiple linear regression 
analysis to separate mean from turbulent flows and estimate mean flow, deformations, 
and eddy difiusivities as functions o f time. An important concept to this procedure is 
that o f  a Lagrangian deformation which is the change in the relative position o f a drifter 
with respect to the moving centroid o f a patch over time which results in the distortion 
o f a  patch o f  water (Okubo et al. 1976). See Power (1996) for a more complete 
description.
From Okubo et al. (1976), the regression equations for the x  andy  coordinates 
for the z'th drifter observed at the M i time are as follows:
x  i (cij ,b ., k )  = x  ( a f c )  + (a, -  a)  +  0^ ) (b, - b )  + x'tyz,,6, ,/c), and
y i (a i ,bn k') =  y ( a ,b ,k )  + [ ~ j  (a f. “ +  (bt - b )  + y,Xai ,b , ,k )  ,
where follows: x (ai ,Ft ,k )  and y(JHi ,bn k )  are the Eulerian coordinates o f a  drifter
starting at the Lagrangian centroid at time k. The terms (a, -  a )  and {bi -  b ) are
Lagrangian displacements and represent the distance that the Lagrangian coordinate o f 
the r'th drifter is from the drifter cluster centroid at the M i time interval. The partial
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derivatives (dx/da)Q, (dx/db)Q, (dy/da)o,(dy/db)o (hereafter represented as eu , en,
e2l, and e22, respectively) are dimensionless Lagrangian first-order deformations 
calculated as regression coefficients by regressing Eulerian coordinates on the 
Lagrangian displacements. The terms x /'ia ^b ^k) , and y ."(a .,bt,k ) , are second and
higher order displacements calculated from the regression error. These terms are used 
in part to calculate Lagrangian eddy diffiisivities. The diffiisivities represent the fluid 
motion that is too small to be resolved by the movements o f the drifters over each time 
interval. For these procedures to be applicable, four or more drifters must used (Okubo 
and Ebbesmeyer 1976, Sanderson et al. 1988), therefore no drifter tracking session were 
conducted with fewer than four drifters.
The magnitude of the Lagrangian deformations and diffiisivities are dependent 
on the time steps (intervals) between observations of the drifter coordinates. Sanderson 
and Okubo (1986) found that Lagrangian deformations are proportional to t15 and the 
diffiisivities increase in proportion to i1. They also determined that using shorter time 
steps between drifter observations yielded better results. By using shorter time steps, 
more o f the fluid motion is resolved as deformations and less as diffiisivities (Power 
1996).
The increase in patch variance in the a and b directions over time each time step 
are defined as B,(k) and B3 (k), respectively and the increase in patch covariance over 
time is denoted as B2(k). From Okubo et al. (1983), equation 11:
Bj(Jc)= 1 ^11^22  — (-^1 2  - ^ 2 l ) e i2 e 22 ^  -^22e i2~
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^ ( ^ )  ~  J [  { ^ - ^ ' l i e 2 i e 2 2  ( - ^ 1 2  ^ - 2 l ) ( e i i e 2 2  +  ^ 1 2 ^ 2 1 )  ^ ^ 2 2 ^ 1 1 ^ 1 2  } * ^
(^^ 0 J^ {-^11^21 (^1 2  +  ^21 )e iie 2I K-22&H d k
where k  is time; eu, e l2, e2l, and e^, are defined above; K n, K X2, K2l, and Kn  are 
Lagrangian eddy diffiisivity tensors calculated from the regression error (Okubo et al. 
1976); and J=  e , ^  - e12e21.
Means were calculated for the deformations and the increases to the variances 
and covariance during the ebb and flood tidal phases for all tracking sessions with the 
exception o f flood tide for tracking session 11 and ebb tide for tracking sessions 13 and 
21 due limited number of observations.
RESULTS AND DISCUSSION  
The results for the deformations and the increase in variances and covariances 
for each tidal cycle are below. Following those results is a discussion of the results for 
the deformations and the increase in variances and covariances by location and tracking 
session. Since Barataria Bay is less than two meters in depth over most of it’s domain, 
horizontal motion is assumed to be fairly uniform with depth. Therefore, discussions 
concerning dispersion and settlement of larvae assume that larvae contained in a  patch 
are affected equally by horizontal motion regardless of their position in the water 
column (unless near Barataria Pass where depths are significantly greater). Depth data 
was obtained from nautical charts (Scale 1:80,000).
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Deform ations and Increases in Variances and Covariance 
H orizontal Divergence
For all tracking sessions, the mean horizontal divergence ranged from 5.95 x 10'5 
to 1.64 x 10"4 s '1 (range = 1.05 x 10"4 s'1) during ebb tide, and from 2.74 x 10'5to 1.37 
x 10"* s '1 (range = 1.10 x lO-4 s'1) during flood tide. For tracking sessions conducted in 
Bay Batiste, mean horizontal divergence ranged from 7.90 x 10'sto 1.64 x 10^ s '1 (range 
= 1.56 x  10^ s '1) during ebb tide and 2.74 x 1 O'5 to 8.81 x 10'5 s '1 (range =  6.07 x  10~5 s '1) 
dining flood tide. Tracking sessions conducted in Hackberry Bay resulted in mean 
horizontal divergence from 8.59 x 10'5to 1.32 x  10"4 s '1 (range = 4.61 x 10'5 s '1) during 
ebb tide and 5.69 x 10'5to 1.10 x 10"4 s'1 (range =  5.31 x 10'5 s'1) during flood tide. 
Tracking sessions conducted in Barataria Bay resulted in mean horizontal divergence 
from 5.95 x 10'5to 1.48 x 10"4 s'1 (range = 8.85 x 10's s '1) during ebb tide and 5.92 x 10'5 
to 1.37 x 10"4 s*1 (range =  7.78 x 10'5 s*1) during flood tide.
Stretching Deformation Rates
For all tracking sessions, the mean stretching deformation rate ranged from -2.11 
x 10'5to 2.76 x 10*4 s'1 (range = 2.97 x 10^ s '1) during ebb tide, and from -4.74 x  10'5to 
1.86 x 10"4 s '1 (range = 2.33 x 10"4 s'1) during flood tide. For tracking sessions 
conducted in Bay Batiste, mean stretching deformation rate ranged from 7.80 x lO^to 
2.76 x  10"4 s'1 (range = 2.68 x 10"4 s'1) during ebb tide and -1.52 x 10'5to 6.48 x 10'5 s '1 
(range =  8.00 x 10'5 s"1) during flood tide. Tracking sessions conducted in Hackberry 
Bay resulted in mean stretching deformation rate from 1.19 x 10*5to 1.19 x 10-4 s '1 (range 
= 1.07 x  10"4 s '1) during ebb tide and -1.68 x 10'5to -1.86 x 10 s s"1 (range = 1.80 x 10"6
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s '1) during flood tide. Tracking sessions conducted in  Barataria Bay resulted in mean 
stretching deformation rate from -2.11 x 10's to 2.87 x  10'5 s '1 (range = 4.98 x 10'5 s '1) 
during ebb tide and -4.74 x 10'5to 1.86 x 10"4 s '1 (range = 2.33 x 10"4 s'1) during flood 
tide.
Shearing Deformation Rates
For all tracking sessions, the mean shearing deformation rates (without regard to 
sign) ranged from 4.65 x 10'6to 1.45 x 10'4 s '1 (range = 1.40 x 10"4 s'1) during ebb tide, 
and from 2.20 x 10'7to 1.51 x 10"4 s '1 (range = 1.51 x  10"4 s '1) during flood tide. For 
tracking sessions conducted in Bay Batiste, mean shearing deformation rates ranged 
from 2.71 x 10'5to 9.03 x 10'5 s'1 (range = 6.32 x 10'5 s'1) during ebb tide and 2.20 x 10'7 
to 1.78 x 10'5 s '1 (range = 1.76 x 10'5 s'1) during flood tide. Tracking sessions conducted 
in Hackberry Bay resulted in mean shearing deformation rates from 5.41 x lO-6 to 1.45 x 
10^ s '1 (range =  1.40 x 10-4 s '1) during ebb tide and 3.50 x 10'6to 1.51 x 10-4 s '1 (range = 
1.48 xlO*4 s '1) during flood tide. Tracking sessions conducted in Barataria Bay resulted 
in mean shearing deformation rates from 4.65 x lO^to 2.62 x 10'5 s '1 (range =2.16 x 10'5 
s '1) during ebb tide and 4.13 x lO^to 1.20 x 10*4 s"1 (range = 1.16 x 10-4 s '1) during flood 
tide.
Relative Vorticitv
For all tracking sessions, the mean relative vorticity (without regard to sign) 
ranged from 4.73 x lO^to 1.45 x 10"4 s'1 (range =  1.40 x 10-4 s '1) during ebb tide, and 
from 8.10 x 10'6to 4.71 x lO*4 s'1 (range = 4.63 x 10"4 s"1) during flood tide. For tracking 
sessions conducted in Bay Batiste, mean relative vorticity ranged from 1.99 x 10"5to
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5.59 x 10'5 s '1 (range =  3.60 x 10'5 s’1) during ebb tide and 1.32 x 10'sto 3.38 x 10"5 s '1 
(range =  2.06 x 10'5 s '1) during flood tide. Tracking sessions conducted in Hackberry 
Bay resulted in mean relative vorticity from 4.73 x lO^to 1.33 x 1 O'4 s*1 (range = 1.28 x 
1C4 s'1) during ebb tide and 9.90 x lO^to 4.99 x 10'5 s '1 (range =  4.00 x 10'5 s'1) during 
flood tide. Tracking sessions conducted in Barataria Bay resulted in mean relative 
vorticity from 2.59 x  10'5to 1.45 x 10-4 s"1 (range = 1.19 x 10-4 s '1) during ebb tide and
8.10 x lO^to 4.71 x 10*4 s '1 (range = 4.63 x 10*4 s '1) dining flood tide.
Increase in Variance in the a  Direction (B ^
For all tracking sessions, the mean B, ranged from 0.52 to 4.05 m2 (range =
3.53 m2) during ebb tide, and from 0.66to 4.10 m2 (range = 3.44 m2) during flood tide. 
For tracking sessions conducted in Bay Batiste, mean Bf ranged from 0.84 to 1.59 m2 
(range = 0.75 m2) during ebb tide and 0.41 to 1.93 m2 (range =  1.52 m2) during flood 
tide. Tracking sessions conducted in Hackberry Bay resulted in mean B, from 1.80 to 
4.05 m2 (range = 2.25 m2) during ebb tide and 1.99 to 4.10 m2 (range = 2.11 m2) during 
flood tide. Tracking sessions conducted in Barataria Bay resulted in mean B, from 0.79 
to 2.45 m2 (range = 1.66 m2) during ebb tide and from 0.93 to 2.84 m2 (range = 1.91 m2) 
during flood tide.
Increase in Variance in the b  Direction ( B j \
For all tracking sessions, the mean B3 ranged from 0.75 to 4.60 m2 (range =
3.85 m2) during ebb tide, and from 0.40to 4.15 m2 (range = 3.75 m2) during flood tide. 
For tracking sessions conducted in Bay Batiste, mean B3 ranged from 0.75 to 2.07 m2 
(range = 1.32 m2) dining ebb tide and 0.40 to 3.12 m2 (range = 2.72 m2) during flood
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tide. Tracking sessions conducted in Hackberry Bay resulted in mean B3 from 2.38 to
4.10 m2 (range = 1.85 m2) during ebb tide and 2.02 to 2.54 m2 (range = 0.52 m2) during 
flood tide. Tracking sessions conducted in Barataria Bay resulted in mean B3 from 1.70 
to 4.60 m2 (range = 2.90 m2) during ebb tide and from 2.08 to 4.15 m2 (range = 2.07 m2) 
during flood tide.
Increase in Covariance (B-h
For all tracking sessions, the mean B2 ranged from -1.94 to 4.05 m2 (range =
3.53 m2) during ebb tide, and from -1.78 to 1.19 m2 (range = 2.97 m2) during flood tide. 
For tracking sessions conducted in Bay Batiste, mean B2 ranged from -1.94 to -0.14 m2 
(range = 1.80 m2) during ebb tide and -1.78 to 0.03 m2 (range =  1.75 m2) during flood 
tide. Tracking sessions conducted in Hackberry Bay resulted in mean B2 from -0.68 to 
1.50 m2 (range = 2.18 m2) during ebb tide and 0.46 to 1.19 m2 (range = 1.65 m2) during 
flood tide. Tracking sessions conducted in Barataria Bay resulted in mean B2 from -0.19 
to 0.71 m2 (range = 0.90 m2) during ebb tide and from 0.05 to 1.48 m2 (range = 1.43 m2) 
during flood tide.
Bay Batiste 
Tracking Session 7
Mean divergence was significantly larger during ebb tide than during flood tide 
(Table 3.1). The flood tide mean divergence was the smallest o f all tracking sessions 
conducted and the difference between ebb and flood tide mean divergence (8.76 
x 10'5 s'1) was the second largest for all tracking sessions. The mean stretching 
deformation rate was small and in the a direction during ebb tide and in the b direction
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and the smallest o f all tracking sessions during flood tide (Table 3.2). Mean shearing 
deformation rate was negative during both ebb and flood tide, but larger during ebb tide 
(Table 3.3). Mean vorticity was small during ebb and flood tide, but was positive 
during ebb tide and negative (and slightly smaller in magnitude) during flood tide 
(Table 3.4).
Mean Bx and B3 were larger during ebb tide and were the smallest for all tracking 
sessions during flood tide (Tables 3.5-3.6). This is most likely a result o f  the larger 
mean divergence, mean stretching rate, and mean shearing deformation rate during ebb 
tide and the fact that the flood tide mean divergence and mean stretching deformation 
rate were the smallest and second smallest, respectively, for all tracking sessions (Tables 
3.1-3.2). Mean B2 was negative during both ebb and flood tide, but was significantly 
larger during ebb tide.
Divergence was highly variable during ebb tide, but mostly positive during 
approximately the first seven hours of ebb tide (Figure 3.1). Stretching deformation 
rates during this same time period were also highly variable and primarily in the a 
direction during this time period (Figure 3.1). This suggests that there was more 
stretching occurring along the a-axis over this time period. During the remainder o f the 
first ebb tide, all o f  the flood tide, and the start of the second ebb tide, divergence and 
stretching deformation rates became smaller and less variable.
B u B3 and B2 were highly variable during the first 5 hrs and 30 min o f ebb tide, 
but were most variable during a 30 minute period approximately 105 min after the start 
o f the tracking session (Figure 3.2). Shearing deformation rates and relative voriticy
90
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Table 3.1. Mean horizonal divergence by tidal phase in s > by tracking session. Standard deviations shown in 
parentheses. Initial tidal phase was flood tide for tracking sessions conducted in the lower section of Barataria Bay 
and ebb tide for all other tracking sessions. ^Results not presented due to too small number of observations.
TRACKING
SESSION
LOCATION EBB TIDE FLOOD TIDE
7 Bay Batiste 1.15 x 10-* (1.23 x 10-0 2.74x 10-5(6.77x 10-0
8 Bay Batiste 1,64 x 10-<(2.80xl0-0 4.19x10-5(1.33x10-4)
9 Barataria Bay (Upper Section) 7.22 x 10-5(2.19 x 10-<) 5.89x 10-5(1.48x 10-4)
10 Barataria Bay (Upper Section) 1.11 x 10 -< (4.65 x 10-4) 5.13 x 10-5(1.48x10-4)
11 Hackberry Bay 1.32x10-4 (5.03 x 10-4) *
12 Bay Batiste 7.90x10-5(2.35x10-4) 8.81x10-5(6.18x10-5)
13 Barataria Bay (Lower Section) * 1.16x10-4(1.83x10-4)
16 Barataria Bay (Lower Section) 5.95x 10-5 (2.47 x 10-4) 5.92 x 105 (6.22 x 10-»)
17 Hackberry Bay 1.15 x 10-4 (3.78 x 10-4) 5.69 x 10-5 (9.89 x 10-5)
18 Barataria Bay (Lower Section) 1.48x 10-4 (2.25 x 10-4) 1.37 x 10-4(4.34x 10-4)
20 Hackberry Bay 8.59x10-5 (3.13x10-4) 1.10 x 10-4(1.66 x 10-4)
21 Barataria Bay (Lower Section) * 9.05 x 10-5(3.91x10-4)
22 Barataria Bay (Lower Section) No ebb tide observations 1.03 x 10-4(2.80x 10-4)
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Table 3.2. Mean stretching deformation rate by tidal phase in s-> by tracking session. Standard deviations shown 
in parentheses. Initial tidal phase was flood tide for tracking sessions conducted in the lower section of Barataria 
Bay and ebb tide for all other tracking sessions. ^Results not presented due to small number of observations.
TRACKING
SESSION
LOCATION EBB TIDE FLOOD TIDE
7 Bay Batiste 2.76 x 10-4(1.57 x 10-4) -1.52 x 10-5(8.87 x 10-5)
8 Bay Batiste 1.24 x 104(3.31 x 10-<) 1.76 x lO-5 (1.15 x 10-*)
9 Barataria Bay (Upper Section) 1.32 x 10-5 (2.48 x 10-4) 1.74 x 10-5(1.34 x 10-<)
10 Barataria Bay (Upper Section) 2,87 x 10-3(5.39 x 10~>) 2.11 x 10-5(1.36 x 10-4)
11 Hackberry Bay 1.19x10-4(4.20x10-4) *
12 Bay Batiste 7.82 x 10-«(2.19 x 10"*) 6.48x10-5(7.41x10-5)
13 Barataria Bay (Lower Section) * 2,73 x 10-5 (3.03 x 10-*)
16 Barataria Bay (Lower Section) 1.96 x 10-5(1.76 x 10-') 1.86x10-4(6.11 xlO-4)
17 Hackberry Bay 1.16 x 10-4(2.73 x 10-4) -4.21 x 10-5(1.17 x 10-<)
18 Barataria Bay (Lower Section) -2.11 x 10'3 (1.46 x 10-4) -4.74 x 10-5(4.64 x 10-4)
20 Hackberry Bay -1.19 x 10-s (1.74 x 10-*) -1.68x 10-5(1.38x 10-4)
21 Barataria Bay (Lower Section) * -2.97x 10-5(3.95x 10-4)
22 Barataria Bay (Lower Section) No ebb tide observations -1.07x 10-5(2.92x 10-4)
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
Table 3.3. Mean shearing deformation rate by tidal phase in s-> by tracking session. Standard deviations 
shown in parentheses. Initial tidal phase was flood tide for tracking sessions conducted in the lower section 
of Barataria Bay and ebb tide for all other tracking sessions. ^Results not presented due to small number of 
observations.
TRACKING
SESSION
LOCATION EBB TIDE FLOOD TIDE
7 Bay Batiste -3.29 x 10-5 (1.78 x 10-*) -1.78x 10-5(8.84x 10-5)
8 Bay Batiste 2.71 x 10-5 (3.87 x 10-») 1.20xl0-«(1.88xl0-')
9 Barataria Bay (Upper Section) 1.12 x 10-5(2.33 xlO-0 -4.13 x 105(9,89x 10*5)
10 Barataria Bay (Upper Section) 4.65x10^(3.18x10-1) -3.79 x 10-5(1,67 x 10-0
11 Hackberry Bay -1.45 x 10-1(5.78 x lO-i) *
12 Bay Batiste 9.03 x 10-5(3,38 x lO-i) -2.20x10-7(8.39x10-5)
13 Barataria Bay (Lower Section) * -1.20 x 10-5(2.07 x 10-»)
16 Barataria Bay (Lower Section) 2.62 x 10-5(2,55 x 10->) 3.83x10-< (1.38x10-0
17 Hackberry Bay 5.41 xlO* (3.33x10-0 1.51 x 10-1(1.64x10-0
18 Barataria Bay (Lower Section) -8,09 x 10-5(2.77 x 10-<) -3.12 x 10-5(2.69x lO-i)
20 Hackberry Bay 1.68 x 10-5(3.43 x 10-') -3,35 x 10-5(1.59 x 10-0
21 Barataria Bay (Lower Section) * -8,16 x 10^(2.95 x 10-0
22 Barataria Bay (Lower Section) No ebb tide observations -2.38 x 10-5(2.71x10-0
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Table 3.4 Mean relative vorticity by tidal phase in s ' by tracking session. Standard deviations shown in 
parentheses. Initial tidal phase was flood tide for tracking sessions conducted in the lower section of 
Barataria Bay and ebb tide for all other tracking sessions. ’''Results not presented due to too small number 
of observations.
TRACKING
SESSION
LOCATION EBB TIDE FLOOD TIDE
7 Bay Batiste -1.99x10-5(1.85x10-') -1.32x10-5(1.19x10-4)
8 Bay Batiste -5.59 x 10-5(3,93 xl0-<) 3.38 x 10-5(1,41 x 10-4)
9 Barataria Bay (Upper Section) -2.59x 10-5(2.55x 10-4) 1.46x 10-5(5.96x 10-5)
10 Barataria Bay (Upper Section) -3,88 x 10-5(3.10x10-4) 2.60 x 10-5(1.54 x 10-4)
11 Hackberry Bay -4.73 xl0-«(3.78x 10-4) *
12 Bay Batiste 2.45 x 10-5(3.07x 10-4) 2.12x10-5(7.53x10-5)
13 Barataria Bay (Lower Section) * 2.17 x 10-»(3.56 x lO-')
16 Barataria Bay (Lower Section) 4.43 x 10-5(2,15 x 10-4) 4.71 x 10^(1.34x10-')
17 Hackberry Bay -1.33 x 10-4(3.21x10-4) -9.90x10-5(1.01 x 10-4)
18 Barataria Bay (Lower Section) -1.45x10-4(2.41 x 10-4) -9.56x 10-5(2.34x 10-4)
20 Hackberry Bay -6,29 x 10-4(1,72 x 10-4) -4.99 x 10-5(6.61 xl0-5)
21 Barataria Bay (Lower Section) * 1,21 x 10-4(3,71 x lO-*)
22 Barataria Bay (Lower Section) No ebb tide observations 8,10 x 10-4(3,12 x 10-4)
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Table 3.5. Mean increase in patch variance in the a direction (B,) by tidal phase in m2 by tracking session. 
Standard deviations shown in parentheses. Initial tidal phase was flood tide for tracking sessions conducted in 
the lower section of Barataria Bay and ebb tide for all other tracking sessions. ’''Results not presented due to 
small number of observations.
TRACKING
SESSION
LOCATION EBB TIDE FLOOD TIDE
7 Bay Batiste 8.36x 10* (1.03) 4.11 x 10* (7.74x10-1)
8 Bay Batiste 5.17x10* (3.33x10*) 1.93 (3.40)
9 Barataria Bay (Upper Section) 1.90 (2.60) 6.57x10* (7.66x10*)
10 Barataria Bay (Upper Section) 1.93 (3.20) 2.16(3.14)
11 Hackberry Bay 1.80(1.72) *
12 Bay Batiste 1.59(2.92) 1.33 (1.22)
13 Barataria Bay (Lower Section) * 1.48 (6.86x10-')
16 Barataria Bay (Lower Section) 7.89 x 10* (8.67 x 10*) 1.99 (3.49)
17 Hackberry Bay 4.05(4.51) 4.10(4.98)
18 Barataria Bay (Lower Section) 2.45(1.35) 1.02 (1.34)
20 Hackberry Bay 1.84 (2.87) 1.99(1.08)
21 Barataria Bay (Lower Section) ♦ 9.32x 10* (8.39x 10*)
22 Barataria Bay (Lower Section) No ebb tide observations 2.84 (2.99)
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Table 3.6. Mean increase in patch variance in the b direction (.B3) by tidal phase in m2 by tracking session. 
Standard deviations are shown in parentheses. Initial tidal phase was flood tide for tracking sessions conducted 
in the lower section of Barataria Bay and ebb tide for all other tracking sessions. '"Results not presented due to 
small number of observations.
VO
Ov
TRACKING
SESSION
LOCATION EBB TIDE FLOOD TIDE
7 Bay Batiste 1.47(1.34) 3.99 x 10> (4.27 x 10>)
8 Bay Batiste 7.46x10-1 (4.79x 10-0 1.16(1.51)
9 Barataria Bay (Upper Section) 2.54(2.71) 3.31 (4.50)
10 Barataria Bay (Upper Section) 1.70 (2.04) 2.38 (3.66)
11 Hackberry Bay 4.10(6.02) ♦
12 Bay Batiste 2.07 (2.86) 3.12(2.75)
13 Barataria Bay (Lower Section) ♦ 4.15(3.36)
16 Barataria Bay (Lower Section) 4.60(6.47) 3.19(3.63)
17 Hackberry Bay 2.38 (3.47) 2.54 (2.46)
18 Barataria Bay (Lower Section) 2.85 (2.72) 2.61 (2.96)
20 Hackberry Bay 2.44 (3.95) 2.02 (2.09)
21 Barataria Bay (Lower Section) ♦ 2.43 (2.46)
22 Barataria Bay (Lower Section) No ebb tide observations 2.08(1.61)
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Figure 3.1. Horizontal divergence and stretching deformation rate in s ' versus elapsed time for
tracking session 7. Tidal phase is indicated along the x-axis.
were small during ebb tide with the exception of approximately the same 30-minute 
period when shearing deformation rates rapidly increased (negatively) and then rapidly 
decreased while vorticity rapidly increased and then decreased. There is no apparent 
cause for the variability observed in these parameters.
Shearing and stretching deformation rates during flood tide and during the 
second ebb tide were small with little variability. During the early portion of the flood 
tide, B x, Z?3 and B2 were small with little variability. Variability increased slightly during 
approximately the last four hours o f flood tide. At the start o f the second flood tide, 5, 
and B3 became larger and highly variable (See Figure 3.2). B, also became larger 
(negatively) and more variable during this time period (Figure 3.2).
The drifters remained in open water (depths 1.2-1.5 m) and did not approach the 
shoreline at any time during the tracking session, so bathymetry does not appear to 
provide a satisfactory explanation for the differences observed between ebb and flood 
tide (See Figure 3.3). Nine drifters were deployed, but five of those drifters were 
recovered after approximately five hours of ebb tide transport and no observations from 
the latter portion o f the ebb tide and early portion of the flood tide were included in the 
parameter estimates which may have biased the results.
T racking Session 8
Tracking session 8 had the largest ebb tide mean divergence and mean stretching 
deformation rate o f any tracking session, yet the ebb tide mean Bx and B3 were the 
smallest o f all tracking sessions conducted (See Tables 3.1, 3.2, 3.5, and 3.6). This 
tracking session had the largest flood tide mean Bx o f the three tracking sessions
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Figure 3.2. Increase in variances (Bband B3) and covariance (B2) in mJ versus elapsed time for
tracking session 7. Tidal phase is indicated along the x-axis.
conducted in Bay Batiste. This tracking session had the largest difference between ebb 
and flood tide mean divergence (1.22 x 10"4 s'1) o f  any tracking session and the largest 
difference between ebb and flood tide mean stretching deformation rate (1.06 x 10"4 s'1) 
o f the three tracking session conducted in Bay Batiste (Tables 3.1-3.2).
Mean shearing deformation rate was negative during ebb tide and positive, but 
very small during flood tide (Table 3.3). The difference between the ebb and flood 
mean shearing deformation rates was small (range = 2.59 x 10'5 s '1). Mean vorticity was 
small during both ebb and flood tide, but changed from positive during ebb tide to 
negative during flood tide (Table 3.4).
Mean B x and B3 were larger during flood tide than during ebb tide (See Tables
3.5-3.6). The increase in mean B x from ebb to flood tide (1.41 m2) was the second 
largest difference for any tracking session. The increase in mean B3 from ebb to flood 
tide (4.09 x 10'1 m2) was significantly smaller. Mean Bx and B3 were negatively 
correlated (mean B2 was negative) during both ebb and flood tide.
There were three time periods when there were significant increases in 
variability to divergence, stretching deformation rate, shearing deformation rate, and 
vorticity (See Figures 3.4 - 3.5). Two o f these increases coincided with increases in B x 
and B2 (Figure 3.6). The first and largest increase in variability occurred during 
approximately the first 2 hrs and 30 min of the ebb tide. The largest mean current 
speeds o f the tracking session coincided with this period o f variability. There was no 
shoreline nearby and the depth was approximately 1.2 m.
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The second increase in variability was not as large as the first and occurred over 
approximately a 80-minute time period while ebb tide was ending and flood tide was 
beginning. B x and B3 were also highly variable during this time period, but remained 
positive. There were also increases in variability for divergence, stretching deformation 
rates, shearing deformation rates, and vorticity during this time period. The drifters 
were not close to any shoreline and depths ranged 1.2 to 1.5 m. Mean current speed 
reached a minimum during this time period, but mean u was rapidly decreasing and 
mean v rapidly increasing which may account for the variability in the above 
parameters. The third increase in variability occurred over a time period o f 
approximately 1 hrs and 45 min as the drifters moved along the north shoreline o f Big 
Island (See Figure 3.3). There were significant increases in the variability in 
divergence, stretching deformation, shearing deformation, vorticity, and Bx (See Figures 
3.4, 3.5, and 3.6). Mean stretching in the a direction during this time period as 
compared to being in the b direction during the entire flood tide overall. Mean 
divergence was also larger during this time period as compared to the mean divergence 
for the entire flood tide.
There were large increases in B x, followed by large decreases, but Bx values 
remained positive during this time period. Mean Bx was 5.74 m2 (SD = 5.06 m2) which 
was nearly three times as large as the mean Bx for the entire flood tide. The mean B x 
standard deviation was also significantly larger. The proximity o f the drifters and their 
orientation to the shoreline could explain these results, especially the larger mean 
divergence, shearing deformation rates, and rapid increases in B x. Pritchard (1960) 
discussed the movement and mixing o f contaminants in a tidal estuary. He pointed out
104
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that shoreline irregularities temporarily trap water containing  a high concentration o f  a 
substance as the contaminated volume moves past the shoreline feature. The main 
portion o f the contaminated volume is carried onward by the current, while the trapped 
substance gradually spreads back into the main current flow. This leads to dispersion of 
the substance behind the bulk of the contaminated volume. This process is known as 
“entrapment phenomenon” (Okubo 1973) or is sometimes referred to as “coastal 
topographic trapping”. This could also be applied to larvae contained in a volume or 
patch o f water and could greatly enhance the opportunity o f larvae to settle. Due to the 
orientation and movement of the patch, the irregular shoreline of Big Island would 
promote coastal trapping which would result in variable increases in divergence, 
shearing deformation rates in the a direction, and variable increases in 2?, (as was 
observed). This suggests that a portion of the larvae within the drifter cluster may have 
been trapped along the shoreline o f  Big Island.
During approximately the last 4 hrs and 30 min of the flood tide, variability was 
minimal for divergence, stretching deformation rates, shearing deformation rates and 
vorticity (Figures 3.4-3.5). There was one large increase followed by a decrease in B3 
(and Bj) near the end of the tracking session, although there is no apparent cause for this 
increase.
T racking Session 12
This tracking session had the largest mean flood tide divergence o f the three 
tracking sessions conducted in Bay Batiste (Table 3.1). The difference (9.10 x 10r6 s '1) 
between ebb tide and flood tide divergence was small though. Mean stretching
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deformation, rate was in the a  direction during both ebb and flood tide. The mean ebb 
tide stretching deformation was the smallest o f all tracking sessions. During flood tide, 
the mean stretching deformation rate (in the a direction) was the largest for the 3 
tracking sessions conducted in Bay Batiste and the second largest mean stretching 
deformation for all tracking sessions (Table 3.2). The above results suggest that the 
patch spread fairly equally along the a- and 6-axis during ebb tide, but there was 
significant elongation o f  the patch in the a  direction during flood tide. The drifter 
trajectories suggest that there was greater elongation of the patch in the a direction 
during flood tide (Figure 3.3).
The ebb tide mean shearing deformation rate was negative and the largest for the 
three tracking sessions conducted in Bay Batiste and the second largest for all tracking 
sessions and flood tide mean shearing deformation was negative, but near zero and the 
smallest for all tracking sessions (Table 3.3). Shearing deformation rates were more 
variable during ebb tide than during flood tide (Figure 3.7). Ebb and flood tide mean 
vorticity was positive with little difference between them (Table 3.4).
This tracking session had the largest ebb tide mean Bx and B2 and flood tide 
mean B2 o f  the three tracking sessions conducted in Bay Batiste (Table 3.5-3.6). Mean 
B3 was larger than mean B x during ebb tide and flood tide despite the large stretching 
deformation rate in the a-direction during flood tide. Mean B2 was negative and the 
largest of any tracking session conducted (Table 3.7).
There was significant variability dining ebb tide for all o f  the parameters during 
approximately the first 4 hrs and 45 min of ebb tide (Figures 3.7-3.9). Since the drifters
107
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Table 3.7. Mean increase in patch covariance (B2) in m’ by tidal phase for tracking sessions. Standard 
deviations are shown in parentheses. Initial tidal phase was flood tide for tracking sessions conducted in the 
lower section of Barataria Bay and ebb tide for all other tracking sessions. '''Results not presented due to 
small number of observations.
TRACKING
SESSION
LOCATION EBB TIDE FLOOD TIDE
7 Bay Batiste -2 .56x10 ' (9.17x10-1) -3.26x10-’ (5.59x10-1)
8 Bay Batiste -1.40 x 10' (5.89 x 10i) -4.58x10-' (2.63)
9 Barataria Bay (Upper Section) 1.93 x 10-2(3.68) 1.01 x 10'(1,95)
10 Barataria Bay (Upper Section) 7.14 x 10-i(2.97) 4.93x1 O’(2.49)
11 Hackberry Bay -6,83 x 10-1(5.08) ♦
12 Bay Batiste -1.94(4.20) -1.78 (3.22)
13 Barataria Bay (Lower Section) * -1.48 (3.79)
16 Barataria Bay (Lower Section) -1.89x 10-1 (3.28) 3,40 x 101(3.54)
17 Hackberry Bay 1.11 (3.92) 4.63 x 10-1(4.59)
18 Barataria Bay (Lower Section) 2.88x 10-1(2.55) -1.20 (3.00)
20 Hackberry Bay 1.50 (3.80) 1.19(1.20)
21 Barataria Bay (Lower Section) ♦ 4.37 x 10-'(1.63)
22 Barataria Bay (Lower Section) No ebb tide observations -2.01 x 10-i (2,37)
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remained in the middle o f Bay Batiste (depth 1.2-1.5 m), did not approach the shoreline, 
and the number of drifters remained constant during ebb tide, the cause o f  this 
variability is uncertain.
There was also a large increase in the variability o f BXB3 and B2 during the last 3 
hrs and 15 min o f flood tide, but was greatest during the last 50 min (Figure 3.9). The 
variability of divergence and stretching deformation was small until the last 50 min of 
flood tide when there was an increase in both. During the latter portion o f the flood 
tide, the shearing deformation rates and vorticity became increasingly negative until 
approximately 50 min prior to the end o f  the tracking session when there was a rapid 
decline (Figure 3.7). This coincided with the rapid increase in B3 and to a  lesser extent 
B x (Figure 3.9). Mean stretching deformation, mean Bx, and mean B3 were all 
significantly larger during this 50-minute period then during the entire flood tide. Mean 
shearing deformation rate and mean vorticity were larger and negative (as compared to 
the entire flood tide). Mean divergence during this time period was only slightly less 
than the mean divergence for the entire flood tide.
The above results were most likely a result o f the drifters encountering a flow 
separation at the headland. Signell and Geyer (1990) investigated the influence of a 
headland on horizontal dispersion using a depth-integrated model and found that 
explosive dispersion can occur at the tip of a headland where flow separation occurs.
As the drifters encountered the flow separation at the headland, some drifters to move 
further north along the west side o f the headland or northeast along the east side o f the
112
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headland. Because o f  the width o f the headland, the drifters appear to have separated 
more in the a  direction during this time period (Figure 3.3).
The above results were most likely a result o f the drifters entering shallow water 
and becoming separated on different sides o f the headland. The drifters also 
encountered the shallow water near the headland at different times which allowed some 
drifters to move further north along the west side o f  the headland or northeast along the 
east side o f the headland. Because o f the width o f the headland, the drifters appear to 
have separated more in the a direction during this time period (Figure 3.3). This would 
explain the larger mean stretching deformation rate (1.92 x 10"4 s'2), the larger shearing 
deformation rate and larger mean B l (2.49 m2), but does not explain why mean B3 (4.23 
m2) was significantly larger than B{ during this time period. Larvae contained in the 
water patch could have encountered marsh vegetation along both sides o f the headland. 
H ackberry  Bay 
T rack ing  Session 11
Limited observations were made during flood tide, therefore only results for ebb 
tide will be discussed. This tracking session had the largest ebb tide mean divergence of 
the three tracking sessions conducted in Hackberry Bay and the third largest ebb tide 
mean divergence o f all tracking session (Table 3.1). The ebb tide mean stretching 
deformation rate was the second largest o f all tracking sessions (Table 3.2). The ebb 
tide mean shearing deformation rate was negative and the largest while ebb tide mean 
vorticity was negative and the smallest for all tracking sessions (Tables 3.3-3.4).
113
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Divergence, stretching deformation rates, shearing deformation rates, and 
vorticity were all variable for all but approximately the last 50 min o f the observed ebb 
tide (no observations were obtained during the latter portion o f the ebb tide and first 
portion o f  the flood tide). Divergence and stretching deformation rates were mostly 
negatively correlated from the start o f  the tracking session until the initial grounding of 
the drifters (Figure 3.10). This suggests that stretching was occurring mostly along the 
6-axis).
After redeployment o f the drifters, divergence, stretching deformation rates were 
still variable but mostly positively correlated. This suggests that stretching is occurring 
mostly along the a-axis during this time period. Shearing deformation rates, and 
vorticity were also variable, before and after the initial grounding of the drifters (Figure 
3.11).
This tracking session had the largest ebb tide mean 2?3 of the three tracking 
sessions conducted in the Hackberry Bay and the second largest ebb tide mean for all 
tracking sessions (Table 3.6). The largest increases in ebb tide B3 occurred after initial 
deployment o f the drifters as they moved over a shallow area (depth approximately 
0.9 m or less) near several small islands before grounding (See Figures 3.12 and 3.13). 
Mean covariance (B2) was negative during ebb tide which would be expected with the 
large B3 values and the small B x values.
The highest overall variability occurred from the start o f the tracking session 
until the initial grounding. During this time period the drifters moved in close 
proximity to one of several small islands to the east of the drifters (Figure 3.13). The
114
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nearby shorelines and shallow water (depth 0.6-0.9 m) most likely resulted iin the 
continued variability in the deformations until the drifters moved south o f  thie islands 
(Figure 3.13). The shallow bathymetry on the east side o f Hackberry Bay appears to 
have caused the large mean divergence, stretching deformation rate, shearingg 
deformation rate, and B3 (increase in variance in the a direction) during ebb rdde. 
T racking Session 17
Mean divergence during ebb tide was twice as large as mean divergence during 
flood tide, but the difference (5.81 x 10'5 s'1) was moderate when compared tSo other 
tracking sessions (Table 3.1). Divergence was much more variable during e ^ b  tide than 
during flood tide (Figure 3.14). Mean stretching deformation rate was large  and in the 
a direction during ebb tide and smaller and in the b direction during flood tid e  (Table 
3.2). The mean shearing deformation rate was one of the smallest for all traacking 
sessions during ebb tide and the second largest during flood tide for all trackring sessions 
(Table 3.3). Mean vorticity was large during both ebb tide and flood tide, alithough 
mean vorticity during ebb tide was larger (Table 3.4).
Mean 5 , during ebb tide and flood tide was significantly larger than nnean B{ for 
any other tracking session. Mean B3 was moderate, but was slightly larger diuring flood 
tide than ebb tide (Table 3.6). Mean 5 , was over twice as large during ebb tid e  than 
during flood tide (Table 3.7).
During approximately the first 5 hrs and 20 min of the ebb tide, divengence, 
stretching deformation rates, shearing deformation rates, and B x all had the greatest 
variability and largest increases of any time period during the entire tracking session
119
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(See Figures 3.14-3.16). The variability and large increases o f the above parameters 
appears to be the result o f the presence o f irregular shoreline and nearby bathymetry that 
the drifters moved along during this time period (See Figure 3.13). Depths along the 
drifter trajectories ranged approximately 0.6 to 1.2 m. The variable Bx values during 
this time period may be a result o f  coastal trapping as the drifters moved mostly to the 
east along the irregular shoreline (Figure 3.13). During the majority o f this time period, 
settlement o f larvae contained in  the patch most likely would have been possible.
For the remainder o f the ebb tide, the drifters were further from the shoreline 
and the variability o f  the deformations was smaller. There was an increase in the 
variability o f divergence, stretching deformation rates, #3 and to a lesser extent B x for a 
one-hour period near the end o f  ebb tide.
During flood tide, variability was significantly smaller, but this may be a result 
o f  missing observations rather than an actual difference. Observations from a 
4-hour-and-3 0-minute time period (when drifters were passing along a number of small 
islands and irregularly-shaped shoreline) and a 2-hour-and-35-minute time period were 
not included in the calculations for flood tide. Shortly after flood tide began, there was 
approximately a 3-hour-and-l 5-minute time period where variability in the 
deformations increased, but was significantly smaller than the variability observed 
dining ebb tide. There were significant increases in Bx and to a lesser extent B3 during 
this time period. During this time period, the drifters were passing between irregular 
marsh-lined shoreline that formed a pass between Barataria Bay and the southern 
portion o f Hackberry Bay (See Figure 3.13). The proximity o f the irregular shoreline as
120
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
1.50x10-3 
1.00x10-3 
5.00x10-3 
0
Jo -5.00x10-3
-1.00x10-3 
-1.50x10-3
0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00 27:00
 Horizontal divergence  Stretching deformation rate
\ \ \ \ \  Ebb Tide / / / / /  Flood Tide
Figure 3.14. Horizontal divergence and stretching deformation rate in s ' versus elapsed time for tracking
session 17. Tidal phase is indicated along the x-axis.
ion 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
to
to
1.50 x 103 A
1.00x10-3-
5.00 x 10-«-
-5.00 x 10-*-
-1.00x10-3-
0 -----
-1.50 X 1 Q l k s . - ’C \ V V V K \ T \ A y  \ \ \ \ V \ \ V / / / / ^ 7 7 y ’ / / / y / / 7 7 / / / / / / 7 7 7 y i \ \ V \ \ V \ \ \ . ^
0:00 3:00 6:00 9:00 12:00
-  Shearing deformation rate 
\ \ \ \ \ ,  Ebb Tide
15:00 18:00 21:00
 Relative vorticity
/ s s / s  Flood Tide
24:00 27:00
Figure 3.15, Shearing deformation rate and vorticity in s-' versus elapsed time for tracking 
session 17. Tidal phase is indicated along the x-axis.
Reproduced 
with 
perm
ission 
of the 
copyright ow
ner. 
Further reproduction 
prohibited 
without perm
ission.
t ou>
30-
25-
20 -
15-
10 -
5-
o--
-5-
- 1 0 -
-15-
- 20 -
-25-
-30-
___________
T
0:00
SjX
3:00 9:006:00 
5,
\ \ \ \ \  Ebb Tide
12:00 15:00
 B,
18:00 21:00 24:00 
B.,
27:00
/  /  /  /  /  Flood Tide
Figure 3.16. Increase in variances (5band j93) and covariance (B}) in mJversus elapsed time for
tracking session 17. Tidal phase is indicated along the x-axis.
the drifters moved west may have resulted in coastal topographic trapping which would 
account for the large mean stretching deformation rate and the increases in Bx during 
this time period.
During approximately the last hour o f the tracking session, there was an increase 
in divergence, stretching deformation in the b direction, shearing deformation, and B3 
The drifters were moving through a restriction between the lower and upper portion o f 
Snail Bay (Figure 3.13). The narrowing o f the channel through which the drifters 
passed is the most likely cause of the observed increases. This also would have 
provided another opportunity for larvae contained in the patch to settle.
Tracking Session 20
The large mean divergence and mean B2 along with moderate and nearly equal 
mean B x and B3 during flood tide for tracking session 20 indicate that significant 
spreading o f a patch along both axis can occur on the west side of Hackberry Bay. This 
suggests that significant dispersion of larvae can occur in the west side o f Hackberry 
Bay.
This tracking session had the smallest ebb tide and largest flood tide mean 
divergence o f the three tracking sessions conducted in Hackberry Bay (Table 3.1) and 
the second smallest ebb and flood tide mean stretching deformation rate for all tracking 
sessions (Table 3.2). Mean shearing deformation rate, mean B3 and mean B2, were 
larger during ebb tide than during flood tide, but the differences were small (Tables 3.3,
3.6-3.7).
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During ebb tide, all parameters were highly variable until the drifters moved 
south of the island in the center o f Hackberry Bay (See Figure 3.13). This was 
especially true for Bx, B3, and B2 (Figure 3.17). The depths along the drifter trajectories 
were 0.9-1.2 m. Depths south o f the island were ~0.9 m, so the decline in the variability 
may not be attributed to water depth alone. This was during the latter portion o f ebb 
tide and the mean current speed was decreasing and reached a local minimum of 2.4 
cm s"1 during this time period which could have resulted in the decrease in variability.
During the first 2 hrs and 30 min o f ebb tide, the drifters were moving south 
through Snail Bay (Figure 3.13). During this time period, mean divergence (2.99 x 10-4 
s '1, SD = 6.29 x 10-4 s'1) and mean stretching deformation rate (-163 x 10-4 s '1; SD = 2.13 
x 10-4 s '1) were significantly larger and more variable, while mean shearing deformation 
rate (-5.00 x 10-6 s '1; SD = 7.97 x  10"4 s '1) and mean vorticity (-4.00 x 10"4 s'1; SD = 3.32 
x 10"* s '1) were smaller but significantly more variable. Mean B x was smaller and 
slightly less variable (1.41 m2; SD = 2.29 m2) while mean 2?3 was significantly larger 
and more variable (2.80 m2; SD = 3.13 m2). These results would be expected while the 
water patch is confined by the narrow topography. The drifter cluster would be 
restricted to stretching and diverging primarily in the b direction. Shearing would most 
likely occur on both sides o f the drifter cluster which would result in an overall small 
m ean shearing deformation and mean vorticity, but with high variability (as was 
observed). Mean B x would be expected to be significantly smaller than B3 due to the 
topography (as was observed).
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There was decreasing variability for the deformations as the drifter cluster 
moved from Snail Bay into Hackberry Bay, but some o f the largest increases in Bi and 
Bx during the entire tracking session occurred during this portion o f the ebb tide (Figure 
3.17).
During flood tide, there was significant drifter separation (Figure 3.13) with 
large divergence, and small stretching deformation rates. Variability in the 
deformations during flood tide were significantly smaller (See Figures 3.17-3.19).
Mean current speeds were small during flood tide and depth was approximately 1.2 m 
which could account for the low variability. The large mean divergence and mean B2 
along with moderate and nearly equal mean Bx and Bz during flood tide indicate that 
significant spreading o f a patch along both axis can occur on the west side of Hackberry 
Bay. This also suggests that significant dispersion o f larvae can occur in the west side 
o f Hackberry Bay.
Barataria Bay 
Tracking Session 9
Mean divergence and mean stretching deformation rate, mean shearing 
deformation rate, and mean vorticity were all small during both ebb and flood tide and 
there was little difference between tides (Tables 3.1-3.4). This was not unexpected 
since the drifter trajectories were in open water with depths from 1.2 to 2.1 m. Mean 
stretching deformation rate was positive for both ebb and flood tide indicating that 
stretching in the a direction exceeded stretching in the b direction for each tidal phase.
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Divergence and stretching deformation rates were more variable during ebb tide, 
but there was an increase in the variability as the tide changed from ebb to flood and 
later during flood tide when the drifters shifted from a NNE to NNW  trajectory (Figures 
3.20-3.21).
Shearing deformation rates and vorticity decreased rapidly and then generally 
increased as the ebb tide ended and continued to increase with increasing variability 
during flood tide until the drifters shifted from a NNE to NNW trajectory. For the 
remainder o f the flood tide, shearing deformation rates and vorticity decreased and was 
much less variable (Figure 3.22).
Mean B x and mean B3 were both large during ebb tide (Table 3.5-3.6) which was 
unexpected considering the small mean divergence, mean stretching deformation rates, 
mean shearing deformation rates and mean vorticity. During flood tide, mean B3 was 
larger while mean B x was significantly smaller. This change was not reflected in the 
other parameters.
The highly variable divergence, stretching deformation rates, shearing 
deformation rates, and vorticity during most o f  the ebb tide and the first six hours o f the 
flood tide occurred while the drifters were in relatively deep water (1.2-1.8 m) and a 
significant distance from any shoreline. There were some reefs and oyster beds in the 
vicinity of where the tide change occurred which could have caused an increase in the 
variability to the deformations.
There was significant separation of one drifter from the main drifter cluster 
during the tracking session. This was reflected in the large mean B3, especially during
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flood tide. The only apparent cause for the drifter separation was the presence of oyster 
beds and reefs in the vicinity o f where the drifter separation began, otherwise the cause 
is not readily apparent. Depths in the general location of the oyster beds and reefs were 
1.2-1.8 m, but depths directly over the beds and reefs could have been less.
T racking Session 10
Mean divergence was more than twice as large during ebb tide as during flood 
tide (See Table 3.1). Mean stretching deformation rate was in the a direction and was 
slightly smaller during ebb tide than during flood tide (Table 3.2). The variability in 
stretching deformation rates was significantly larger during ebb tide than during flood 
tide (Figure 3.23). The mean shearing deformation rate was positive and very small 
during ebb tide (See Table 3.3). Considering the fact that during ebb tide, the drifters 
moved over open water with depths o f 1.5 to 2.1 m, a small mean shearing deformation 
rate would be expected, but the large variability (compared to flood tide) can not be 
explained. During flood tide, the shearing deformation rate was negative, larger in 
magnitude, but with smaller variability (Figure 3.24). During most o f the flood tide, the 
drifters moved along three islands with depths ranging from 0.9 to 1.2 m  along the 
drifter trajectories (See Figure 3.20). This could have been responsible for the larger 
shearing deformation rate during flood tide. It is not clear why the variability decreased 
during flood tide. The moderately large mean Bx and B3 during flood tide was most 
likely a result o f  the islands near the drifter trajectories. Results o f a modeling study of 
the Barataria Basin suggest that trapping can occur around islands and could
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significantly enhance dispersion (Sanderson et al. 1995, Park 1998). This could also 
provide significant opportunities for larval settlement.
Both mean B x and mean B3 were larger during flood tide than during ebb tide. B3 
was significantly more variable during flood tide than during ebb tide (Figure 3.25) and 
B x was nearly as variable as it was during ebb tide. This was most likely a result o f the 
islands near the drifter trajectories during flood tide. Results o f  a  modeling study of the 
Barataria Basin suggest that trapping (“island trapping”) o f particles (or larvae) can 
occur around islands and could significantly enhance dispersion (Sanderson et al. 1995, 
Park 1998). The largest increases in shearing deformation rates, vorticity, Bx, and B3 
during flood tide occurred when the drifters came in close proximity to the western most 
point of Grand Island (Figure 3.20). The drifters were moving at approximately a 45 
degree angle to the point which would result in increases in variance in both the a and b 
directions as the patch passed near the point. During the time period when the drifters 
were moving eastward and came in close proximity to the island northeast o f Grand 
Island, there was a significant increase in Bx which corresponded with the drifters 
passing eastward along the island northeast of Grand Island (Figures 3.20 and 3.25). 
During the last three hours o f the flood tide, there were significant increases in Bx, and 
to a lesser extent in B3, which would be expected since the drifters were moving east 
along two small islands that would cause the patch to lengthen primarily in the a 
direction as a result o f coastal trapping (Figures 3.20 and 3.25).
Larvae that may have been in the patch would have had opportunities for 
settlement during the last three hours of flood tide, but the angle at which the patch
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passed incident to the shoreline of Grand Island and the other islands to the northeast 
would have limited the length of time in which larvae could have encountered potential 
nursery habitat.
Tracking Session 13
There were only a small number of observations during the ebb tide, so only 
results for flood tide are presented and discussed. Mean divergence was the second 
largest for any tracking session during flood tide (Table 3.1). Flood tide mean 
stretching deformation was in the a direction and not very large (compared to the other 
tracking sessions conducted in the lower section o f  Barataria Bay). Mean B3 and mean 
By were the first and second largest, respectively for any tracking session during flood 
tide (Tables 3.5-3.6). Mean B2 was negative and was the third largest (negative or 
positive) o f any tracking session during flood tide (Table 3.7). This suggests, that the 
increase in patch variance was often greater in the a or b direction, but varied as to 
which direction was greater at any given time step (Figure 3.26).
Divergence, stretching deformation rates, shearing deformation rates, and 
vorticity were highly variable with large increases and decreases during approximately 
the first 5 hrs and 30 min o f the flood tide portion of the tracking session. Divergence 
and stretching deformation rates were negatively correlated as was shearing deformation 
rates and vorticity during this time period (Figures 3.27-3.28). Shearing deformation 
rates remained negative during this time period. Both Bx and B3 remained positive, but 
By values were larger and the largest flood tide negative B2 values for this tracking 
session occurred during this time period (Figure 3.26). This suggests that the patch size
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was increasing more in the a direction early in the flood tide which was the case.
Depths were 0.9 - 1.2 m which suggests that bathymetry was probably not the cause for 
the above observations.
During the following three hours, divergence, stretching deformation rates, 
shearing deformation rates, and vorticity became more positively correlated; stretching 
deformation was variable, but in the b direction; and B3 values became highly variable 
with numerous large increases (Figure 3.26). Such conditions would increase the patch 
size in the b direction, which is what occurred. Depths were about the same as they 
were earlier during the flood tide, but the increase in stretching along the b axis and the 
increases in B3 may have been a result o f  the drifters moving through an area where 
some o f the flood tidal current from Barataria Pass and Pass Abel were merging. This 
would most likely result in stretching o f the patch along the 6-axis, as was observed 
(Figure 3.27).
Larvae contained in the patch would have been dispersed more in the b direction 
and would have had few, if  any, opportunities for settlement during flood tide and 
would most likely have been exported from the bay through Pass Abel during ebb tide. 
T rack ing  Session 16
The flood tide mean divergence was the smallest for any tracking session 
conducted in the lower section o f Barataria Bay (Table 3.1). The flood tide mean 
stretching deformation rate was in the a  direction and was significantly larger than flood 
tide mean stretching deformation for any other tracking session and significantly larger 
than the ebb tide mean stretching deformation for this tracking session (Table 3.2). This
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was most likely a result o f  the separation of a single drifter during the latter portion o f 
the flood tide (Figure 3.29). The mean stretching deformation rate was nearly three 
times as large as mean divergence during flood tide, which suggests that the patch size 
was increasing more in the a direction during flood tide (most likely as a result o f the 
single separating from the remaining drifters. Mean flood tide shearing deformation 
rate was the largest for all tracking sessions and significantly larger than the ebb tide 
mean shearing deformation rate. The difference between flood and ebb tide mean 
shearing deformation rates was the largest for all tracking sessions (3.57 x KT* s '1).
With such a large mean shearing deformation rate, separation o f drifters within 
the cluster would be expected. The shearing deformation appears to have resulted in the 
separation of one drifter from the main drifter cluster. The cause of the high mean 
shearing deformation is unclear. It does not appear that shoreline features or bathymetry 
are the cause since the drifters remained in open water and away from the shoreline, and 
the depth was 1.5-2.4 m. It is possible that flood tide currents from Barataria Pass and 
Pass Abel (as hypothesized for tracking session 13) may be merging in the area with 
different current speeds, which would result in shearing deformation. This would help 
explain why there was separation o f a single drifter from the other drifters.
Mean B x was not as large as mean B3 for flood tide (Tables 3.5-3.6). Z?3 was 
more variable than B x and the largest Z?3 observations occurred during flood tide (Figure 
only slightly correlated (Table 3.7). Bx increased during flood tide with two significant 
increases during approximately the last 90 min o f flood tide (Figure 3.30). The first
145
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coincided with an increase in divergence and slight decrease in stretching, and the 
second coincided with a slight decrease in divergence and stretching (Figure 3.31).
During ebb tide there were four time periods that were not included in 
calculation o f  the deformations, including a period of 2 hrs and 20 min. Therefore, 
parameter means for ebb tide need to be interpreted with caution.
Although the ebb tide mean divergence was the smallest for all tracking sessions 
conducted, it was essentially equal to the mean divergence for flood tide (Table 3.1). 
Mean stretching deformation rate was significantly smaller during ebb tide than during 
flood tide, but remained in the a  direction (Table 3.2). The difference in mean 
stretching deformation rates for flood and ebb tides (1.66 x 10"4 s‘l) was the largest for 
any tracking session. Since mean divergence was essentially the same during ebb tide 
as it was during flood tide, and there was a significant decrease in mean stretching 
deformation rate and mean shearing deformation rate from flood to ebb tide, divergence 
appears to have been more important during ebb tide (Tables 3.1-3.2). The single drifter 
that started separating during flood tide, did not travel as far to the south as the 
remaining drifters during ebb tide and this may account for the larger ebb tide mean B3 
(Figure 3.29).
There was a significant increase followed by a significant decrease in divergence 
and a concurrent decrease followed by an increase in stretching deformation rate during 
approximately the first 3 hrs and 30 min o f ebb tide (Figure 3.31). There were increases 
followed by decreases to B x, B2 and B2 during the same time period, although B3 was 
larger than 5 , (See Figure 3.30). These observations are probably also a result o f  an
147
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
increase in the distance between the single drifter that started to separate during flood 
tide, and the main drifter cluster (Figure 3.29).
During approximately the last 2 hrs and 30 min of ebb tide, divergence and 
stretching deformation rates were highly variable, as was B3 and to a lesser extent B2 
(Figures 3.30-3.31). There were three major increases in B3 during this time period.
The first increase was the largest and occurred concurrently with an increase in 
stretching deformation in the b direction (negative) and an increase in divergence. The 
next two increases in B3 occurred concurrently with an increase in the stretching 
deformation in the a direction (positive) and a decrease in divergence (negative values 
indicating a convergence). Estimated depth in the location o f the drifter trajectories was 
1.5-2.0 m and there were no nearby shoreline features that could explain the increased 
variability and the increases in B3. During this time period, the single drifter (that had 
separated during flood tide) moved more to the east (and less to the south) than the 
drifters in the main cluster. This may have caused the observed increases in B3 and 
increased the variability in divergence, stretching deformation rates, and B3 during flood 
tide.
Like tracking session 9 (that originated in the upper section o f Barataria Bay), 
tracking session 16 had a one drifter separate significantly from the main drifter cluster. 
Also like tracking session 9, this separation began during the first tide phase (ebb for 
tracking session 9 and flood for tracking session 16). There are no apparent oyster beds, 
reefs or any other features that could have caused a flow separation. This demonstrates
148
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that even i f  a patch o f  larvae does not spread significantly and remains in open water, a 
portion o f the patch could be lost.
T racking Session 18
During this tracking sessions, the drifters moved south towards Barataria Pass 
during the flood tide as well as the ebb tide (Figure 3.29). This tracking session had the 
largest mean divergence during flood tide and the second largest mean divergence 
during ebb tide o f all tracking sessions (Table 3.1). Mean divergence was larger during 
ebb tide than during flood tide, but the difference was small (1.10 x 10'5 m s*1). Mean 
stretching deformation rate was in the b direction during both flood and ebb tide. The 
ebb tide mean stretching deformation rate in the b direction was the largest o f  any 
tracking session (Table 3.2). Mean shearing deformation rates were negative during 
both flood and ebb tide, but were larger during ebb tide (Table 3.3).
During flood tide, mean B3 was significantly larger than mean Bx. The 
difference was 1.58 m2. During ebb tide, mean B x and mean B3 were both larger, but the 
difference between B x and B3 decreased to 3.97 x 10'1 m2 (Tables 3.5-3.6). Mean B2 
indicates that mean B x and mean B3 had a strong negative correlation during flood tide 
(when the difference between mean B x and B3 was the largest) and a slightly positive 
correlation during ebb tide (when the difference between mean B x and mean B 3 was 
smaller) (Table 3.7).
During the approximately the first 2 hrs and 30 min o f flood tide, divergence, 
stretching deformation rates, shearing deformation rates, and vorticity were all highly 
variable. Divergence and stretching deformation rates appeared to be negatively
150
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correlated while shearing deformation rates and vorticity appeared to be mostly 
positively correlated (Figures 3.32-3.33). This was also a time period when Bu B3 and 
B2 were highly variable (Figure 3.34). During this time period, the drifters were in water 
depths from approximately 1.5 to 2.4 m, but there were oyster reefs in the area which 
could account for the variability.
From approximately five to seven hours after flood tide had began, there was 
increased variability and large increases in B3, B2 (negatively), and to a lesser extent Bl 
(Figure 3.34). There was only a minor increase in divergence and stretching 
deformation rates at this time.
Shearing deformation rates, vorticity, Bx, B3 B2, and to a lesser extent, 
divergence and stretching deformation rates became more variable during approximately 
the last 45 min o f flood tide and remained so throughout the ebb tide (Figures 
3.32-3.34). During this time period, the drifters arced around the east side o f Queen 
Bess Island and then moved south toward Barataria Pass. Water depths were from 0.6 
to 0.9 m along a majority of the length of the drifter trajectories which could account for 
the observed variability, but during approximately the last 90 min of the tracking 
session, the drifters did move into the deep water o f the channel. There was a large 
positive increase in divergence and B3 near the end o f the tracking session. This 
occurred as the drifters were beginning to enter Barataria Pass.
As the drifter cluster moved along the north and east side of Queen Bess Island 
(Figure 3.4), larvae within the cluster may have had an opportunity to settle, but much
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tracking session 18, Tidal phase is indicated along the x-axis.
o f the shoreline along the island has been stabilized with rock, making it less suitable 
for the settlement o f blue crab megalopae.
Tracking Session 21
Since the number o f ebb tide observation was small, only flood tide results are 
presented and discussed. Mean divergence was moderate while mean stretching 
deformation was relatively small and in the b direction (Tables 3.1-3.2). Mean shearing 
deformation was small while vorticity was positive and the third largest o f all tracking 
sessions during flood tide (Tabes 3.3-3.4).
The flood tide mean Bx was the smallest for all tracking sessions conducted in 
the lower section o f Barataria Bay (Table 3.5). Mean B3 was small (as compared with 
other tracking sessions) but was over twice as large as the mean Bx (Tables 3.5-3.6). 
Mean B2 indicates that B x and B3 were positively correlated (Table 3.7). These results 
indicate that the patch spread more in the b direction than in the a direction during flood 
tide. This is reflected in the spread of the drifters during flood tide (Figure 3.29).
During approximately the first four hours o f the flood tide, divergence and 
stretching deformation rates were highly variable and mostly negatively correlated (See 
Figure 3.32). Shearing deformation rates and vorticity were highly variable during 
approximately the first five hours o f flood tide (Figure 3.35). During this time period, 
the drifters moved in an arc around the east side of Queen Bess Island (where depths 
were as shallow as 0.6 m) and then through an area where a number o f oyster reefs were 
located north o f the island (where depths were also as shallow as 0.6 m) (Figure 3.29). 
This bathymetry could have been responsible for the variability observed.
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Thereafter, the flood tide, divergence, strrretching deformation rates, and shearing 
deformation rates were smaller and less variab le  and divergence and stretching 
deformation rates were mostly positively correlaated until the drifters moved parallel to 
the irregular shoreline at Bassa Bassa. This w as; probably a result o f the drifters moving 
over deeper water (1.2 to 1.8 m) during this t im e  period. After the drifters began 
moving along the shoreline (approximately the kast 3 hrs and 45 min o f  flood tide), 
shearing deformation rates, vorticity and B3 becaome larger and more variable (Figures 
3.29 and 3.35-3.36).
Although there were too few ebb tide observations for analysis and comparisons 
with flood tide results, it should be noticed that IS, and B3 had larger positive values with 
increased variability and S2 had larger negative walues with high variability early during 
the ebb tide. This was most likely a result o f  cosastal topographic trapping as the drifters 
movement along the irregular shoreline (Figuress 3.29 and 3.36).
The largest variability in 5, and B3 and Darge increases in shearing deformation 
rates and vorticity occurred as the drifters moveod along the irregular shoreline near 
Bassa Bassa during approximately the last 2 hrs and 15 min of flood tide and the first 3 
hrs and 15 min ebb tide (See Figure 3.29). The mumerous small inlets and bayous could 
have served as traps for larvae in the patch, th ereb y  enhancing settlement.
Tracking Session 22
This tracking session ended when the d rifters grounded near the end o f  flood 
tide, therefore there are no ebb tide observationss.
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Figure 3.35. Shearing deformation rate and vorticity in s-‘ versus elapsed time for tracking
session 21. Tidal phase is indicated along the x-axis.
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During flood tide, mean divergence was the fourth largest o f all tracking 
sessions and mean stretching deformation was negative and the smallest (Tables 
3.1-3.2). Mean shearing deformation rate for flood tide was negative and relatively 
small (Table 3.3). The flood tide mean vorticity was the smallest for any tracking 
session (Table 3.4). The flood tide mean B x was the second largest of all tracking 
sessions while the flood tide mean B3 was smaller (Tables 3.5-3.6). The difference was 
7.62 x 10'1 m2. The flood tide mean B2 was negative, but small (Table 3.7) indicating 
that mean B x and B3 were only slightly negatively correlated. .
During flood tide, divergence and stretching deformation rates were negatively 
correlated until approximately the last 2 hrs and 30 min (Figure 3.37). Shearing 
deformation rates and vorticity also appeared to be mostly negatively correlated until the 
last 2 hrs and 30 min (Figure 3.38). During approximately the first five hours o f flood 
tide, divergence, stretching deformation rates, shearing deformation rates, vorticity, Bx 
and to a lesser extent B3 were all highly variable (Figures 3.37-3.39). The depth in the 
location where the drifters were deployed was 0.9 to 1.5 m and there were some shoals 
in the area, so the bathymetry could have been responsible for this variability. There 
were more and larger increases in B3 thereafter.
During approximately the last 3 hrs and 30 min o f flood tide, divergence, 
stretching deformation rates, shearing deformation rates, and vorticity were all small 
with only minor variability (Figures 3.37-3.39). Yet, there was a rapid increase in B x 
and B3 (positively) during the end of the flood tide (Figure 3.30). I have no satisfactory 
explanation for this rapid increase in Bx and B3 while divergence, stretching deformation
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rates, shearing deformation rates, and vorticity were all very small during this time 
period. This was a time o f rapid increase in mean speed.
During flood tide, any larvae present in the drifter cluster would have had little 
opportunity for settlement since the drifters never approached any shoreline. The larvae 
would most likely have been exported from Barataria Bay through Pass Abel during ebb 
tide.
CONCLUSIONS
The order of magnitude for mean horizontal divergence, and mean stretching 
deformation in all locations during ebb and flood tide was 10'5to 10"4 s '1. The ranges 
were similar for ebb and flood tides for mean horizontal divergence and stretching 
deformation rate. The order o f magnitude for mean shearing deformation rates ranged 
from 1 O'6 to 1 O'4 s‘l during ebb tide and 1 O'7 s '1 to 1 O'4 s '1 during flood tide. The order of 
magnitude for mean relative vorticty was 10"6 to 10-4 s '1 during both ebb and flood tides. 
The ranges were generally larger during flood tide than during ebb tide.
Overall, horizontal divergence, stretching deformation rate, shearing 
deformation rate, and relative vorticity were at an order o f magnitude from 10*5to 10-4, 
although there were some smaller. In a drifter study conducted in the G ulf o f Mexico, 
Ichiye et al. (1981) found that deformations (horizontal divergence, stretching 
deformation rate, shearing deformation rate, and vorticity) were on the order of 
magnitude o f 1 O'4 to 10'3. These findings suggest that deformations within Barataria Bay 
is an order o f magnitude smaller than in the Gulf of Mexico.
163
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Mean B, and B3 (increase in variance in the a  and b direction, respectively) 
ranged from less than a meter to greater than four meters over each five-minute time 
interval- Relationships between the deformations and B, and B3 and were not always 
apparent and at times were even contradictory. Unlike the deformations, Br, B3 (and B2), 
include diffiisivities in  their calculations (See Materials and Methods section above). 
Therefore, at times when diffiisivities are greater, the association between the 
deformations and the B,, B3 (and B2), would be expected to be reduced.
There were major difference between most tracking sessions within and between 
locations in Barataria Bay. These results suggests that dispersion patterns are highly 
variable within and between locations. Another possible explanation is that the limited 
number o f tracking sessions at each location may have been insufficient to reveal 
dispersion patterns at the locations where tracking sessions were conducted.
Coastal topographic trapping, island trapping, and separation at a headland all 
occurred and resulted in increased deformations and Bj, B3 values.
Possible Sources o f  Error and Their Consequences
Overall, deformations and increases in variances and covariance were highly 
variable with some standard deviations an order o f magnitude greater than the means.
At least a portion o f this variability may be due to error introduced by some aspects o f 
the methodology. Although differentially-corrected GPS was used to obtain the drifter 
positions during the tacking sessions, position error o f three meters (and possibly 
greater) was possible. The interpolated drifter positions (at 5-minute time steps) and
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subsequent deformation calculations, would be more variable as a result o f the position 
error.
Another possible source o f  error (and increased variability in the calculated 
deformations) was the small number o f drifters that were used. Due to logistic 
limitations, only four to nine drifters were used during each tracking session. This 
meant that only four to nine data points were used for each multiple regression, which 
may have resulted in some poor model fits. This is difficult to assess since any error 
from the model fits is confounded with the diffiisivities (which are estimated by the 
error term in each model).
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CHAPTER 4: SETTLEMENT OF BLUE CRAB MEGALOPAE
INTRODUCTION
Blue crab (Callinectes sapidus) megalopae can be found in the northern Gulf of 
Mexico estuaries during most o f the year, but peak abundances occur from May through 
November. Perry (1975) collected Callinectes spp. megalopae in all months during a 2- 
year study conducted in the Mississippi Sound. In a study by Stuck and Perry (1981), 
blue crab megalopae were present in Mississippi coastal waters in all months except 
January and February and were most abundant from May through November.
In a comparative study o f blue crab megalopae settlement in four estuaries along 
the northern Gulf o f Mexico conducted in 1990-1991 by Rabalais et al. (1995), found 
that megalopal settlement occurred in most months with the exception o f January. Peak 
settlement occurred in May through December, but primarily occurred from August 
through October. Results specifically from Terrebonne Bay, Louisiana (east of 
Barataria Bay) indicated that peak settlement could occur May-June and August- 
October, but that the highest settlement was in September. Morgan et al. (1996) found 
that peak settlement in Mobile Bay and adjacent Mississippi Sound occurred from mid- 
July to mid-August in 1990 and from mid-September to mid-October in 1991.
Settlement o f blue crab megalopae appears to be episodic during the months of 
peak settlement. Rabalais et al. (1995) compared results from settlement studies 
conducted in Gulf coast estuaries and with results from settlement studies in Atlantic 
coast estuaries (van Montfrans et al. 1995) and found that over 50% o f the megalopal 
settlement occurred during 3- and 4-day episodic pulses within a 2 or 3-month period.
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Goodrich et al. (1989) found that peak megalopae abundances occurred in pulses in the 
tributaries of Chesapeake Bay and appeared to be related to wind-driven increases in 
subtidal volume. Little and Epifanio (1991) found that peaks in megalopal abundance 
in Delaware Bay to be significantly associated with periods o f  coastal forcing.
Rabalais et al. (1995) found that settlement events in the Mississippi Sound, 
Mississippi were associated with onshore winds coupled with maximum amplitude 
tides; that higher settlement occurred at Terrebonne Bay, Louisiana when up-estuary 
winds occurred; and that most settlement events at Galveston Bay, Texas occurred 
primarily when southeast winds occurred in 1991, but when northerly winds occurred in 
1992.
At Mobile Bay, Alabama, Morgan et al. (1996) found that strong onshore winds 
resulted in abundant megalopal settlement in Mobile Bay, but when onshore winds were 
light or absent, regular and abundant megalopae settlement occurred during minimum 
amplitude nocturnal flood tides. They found megalopae settlement was more closely 
associated with the tidal amplitude rather than the lunar phase. Settlement also 
correlated to intervals o f 15 days which suggests that once megalopae entered the bay, 
that they were transported by tidal currents. Peak numbers o f  blue crab megalopae also 
settled in Charleston Harbor, South Carolina during nocturnal minimal amplitude tides 
(Boylan and Wenner 1993).
Settlement o f blue crab megalopae within estuaries is not uniform and appears to 
decline with distance from the mouth of an estuary. Morgan et al. (1996) found that 
most blue crab megalopae that entered Mobile Bay settled at the mouth o f the estuary,
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fewer settled in the middle o f the estuary and very few megalopae settled at the head of 
the estuary. They suggested that megalopal settlement was high at the mouth of the 
estuary and low near the head of the estuary because megalopae have higher survival 
rates and grow faster at high salinities (Costlow 1976). In a study examining  the 
abundance and distribution of the early life history stages o f blue crab, Mense and 
Wenner (1989) found decreasing abundance o f blue crab megalopae along a salinity 
gradient from polyhaline (75% of total) to mesohaline (23% of total) to oligohaline (2% 
o f total) zones. Rabalais et al. (1995) found trends of higher settlement o f blue crab 
megalopae at intermediate salinities and lower settlement at lower or higher salinities in 
four Gulf coast estuaries. They also found higher megalopal settlement in Mobile Bay, 
Alabama during a lower salinity year.
Megalopae will settle on substrates when they are encountered.. This behavior 
allows the use o f a artificial settlement substrates to sample megalopae. Artificial 
settlement substrates have been used successfully to study the settlement of megalopae 
since 1985 (van Montfrans et al. 1990). Lipcius et al. (1990) and Olmi et al. (1990) 
found that the average settlement of blue crab megalopae on artificial settlement 
substrates generally corresponds with the abundance o f megalopae in the plankton.
MATERIALS AND METHODS 
Passive sampling o f megalopae was conducted during drifter tracking sessions 
and at fixed sampling sites to determine if blue crab megalopae were present and 
whether any settlement pulses had occurred during the time period when drifter 
tracking was being conducted in Barataria Bay.
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Drifter Tracking
Drifter tracking was conducted from July to September 1994, April to August 
1995 and June 1996. In an effort to detect and determine the abundance o f blue crab 
megalopae within a drifter cluster, and gather direct information on the transport of 
megalopae, artificial settlement substrates were attached to a subset o f the drifters 
during most tracking sessions.
Artificial settlement substrates were constructed of “hogs hair” air-conditioning 
filter material. Each substrate was constructed from a single sheet of hogs hair (36 cm x 
28 cm). Substrates were attached with monofilament line in the form o f a cylinder 
around the vertical tube between the ballast bricks and the top horizontal cross pieces 
(Figure 4.1). When attached to the drifters, the top of the substrate extended from 
approximately 32 to 60 cm from the water surface. Four drifters had substrates attached 
during tracking sessions 7-10, 15-18, 20 and 22. Three drifters had substrates attached 
during tracking sessions 12-14 and 21. No substrates were attached to drifters during 
tracking session 11. The substrates remained on each drifter until recovery at the end of 
the tracking session. Surface temperature and salinity data were collected at the 
beginning and end o f each tracking session with the exception o f tracking sessions 8,
15, and 16. Temperature and salinity data were not collected during those tracking 
sessions due to equipment failure.
When the drifters were recovered, the substrates were removed and placed in 
separate buckets. Upon return from the field, the substrates were soaked in buckets
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Artificial settlement 
substrate
Figure 4.1. Diagram o f artificial settlement substrates attached to drifter.
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filled with fresh water for 20 min and rinsed with a moderate spray o f fresh water into a 
clean bucket and then repeated. Rinse water from the process was then decanted 
through nested 3.0 mm and 0.5 mm sieves (van Montfrans et al. 1990). All collected 
fauna were placed in jars containing a 10% formalin solution for later enumeration and 
identification in the lab.
Megalopae o f the genus Callinectes were identified to species using criteria 
developed by (Stuck et al. unpublished). This was necessary because the lesser blue 
crab, Callinectes similis co-occurs with Callinectes sapidus in Louisiana coastal waters 
(Truesdale and Andryszak 1983). Blue crab megalopae collected from each substrate 
used during a tracking session (N = 4) were counted and means for the substrates for 
each tracking session were calculated. After the megalopae were identified and 
counted, they were placed in vials containing a 4% formalin solution.
For the drifter tracking, “settlement” was defined as the mean number of 
megalopae that were collected from a substrate during a tracking session. A “settlement 
pulse” was considered to have occurred if  the mean settlement during a tracking session 
was at least twice as large as the overall (grand) daily mean settlement for all tracking 
sessions.
Since the substrates were attached to the drifters for an entire tracking session, 
the time, tidal phase, or specific location o f the drifters at the time of megalopal 
settlement could not be determined.
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Fixed Sampling Sites
Artificial settlement substrates attached to the drifters can only sample 
megalopae in the water in which the drifters are transported over a single tidal cycle. 
Important fluxes in larval abundance may be occurring at other times and locations 
within Barataria Bay. To provide sampling at more locations, and over more than one 
tidal cycle, fixed sites were selected for the placement of artificial settlement substrates. 
Selection o f the location for the fixed sampling sites was based on preliminary analysis 
o f drifter trajectories from tracking sessions conducted during 1994 along with 
meteorological data. Three sites were selected: Live Oak Bay within Hackberry Bay, 
and Mendicant Island and Grand Bank Bayou in lower Barataria Bay (Figure 4.2).
No structures were available at these sites, so wooden frames were constructed 
at these locations to provide platforms for the attachment o f the substrates. Standard 
artificial substrates were in a cylindrical design were constructed of PVC pipe cylinders 
(37.5 cm length, 16.3 cm outside diameter) surrounded by a sleeves made o f air- 
conditioning filter material as previously described. The sleeves were held around the 
PVC pipe cylinders with rubber bands. Crab pot floats were placed on the inside of the 
upper portion o f the pipe cylinder and bricks were attached below the bottom of the 
cylinder to maintain the substrates in a vertical position at the water surface (Figure 4.3). 
Two substrates were deployed for five consecutive days at Gand Bank Bayou and 
Mendicant Island in June 1995. Four substrates were deployed for five consecutive 
days at Live Oak Bay and Mendicant Island in July and August 1995 and June 1996.
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Figure 4.2. Location o f fixed sampling sites and the Grand Isle 
Coastal-Marine Automated Network (C-MAN) station.
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CJ
Figure 4.3. Diagram o f  standard cylindrical artificial settlement substrates 
used at fixed sampling sites.
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the month. The cylindrical substrate sleeves were recovered daily and placed in separate 
buckets. Substrates were immediately replaced with clean dry substrate sleeves to 
maintain sampling continuity. Sampling times were approximately 24 hrs. Fauna was 
collected from the substrate sleeves and later counted and identified in the lab using the 
methods described above for substrates attached to the drifters. Blue crab megalopae 
collected from each substrate at a  site (N = 4) were counted, and daily means for the 
substrates at each site were calculated.
For the fixed sampling sites, “settlement” was defined as the mean number o f 
megalopae that were collected from the substrate sleeves each day. A “settlement 
pulse” was considered to have occurred if  the mean settlement at that site on a specific 
date was at least twice as large as the overall (grand) daily mean settlement for all sites.
Temperature and salinity data were collected at each site when substrates were 
deployed and each day thereafter when substrates were recovered. No temperature or 
salinity data was collected at Grand Bank Bayou and only initial and final temperature 
and salinity data was collected at Live Oak Bay and Mendicant Island in June 1995. 
M eteorological Data
Meteorological data was obtained from the Grand Isle Coastal Marine 
Automated Network (C-MAN) station located at 29° 16'00" 89°57'24" which is near 
Barataria Pass (Figure 4.2).
RESULTS
No lesser blue crab (C. similis) megalopae were collected during any tracking 
session and only one C. similis megalopa was collected at the Mendicant Island
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sampling site. Therefore, all results reported here are for blue crab (C. sapidias) 
megalopae.
Megalopae settled at all fixed sampling sites in all months of sam pling with the 
exception of Live Oak Bay in June 1996 (Figures 4.4-4.8). Megalopae settlecH on drifter 
substrates in all locations, but not in all tracking sessions.
In Bay Batiste, megalopae were collected only during tracking session* 8 (See 
Figure 4.9). Tracking session 8 resulted in the second highest settlement (3c = 12 .5 , SE 
=  6.9) o f any tracking session conducted in any location. Tracking session 7 w a s  
conducted approximately 48 hrs prior to tracking session 8 in Bay Batiste, yeti resulted 
in no megalopal settlement.
Only two o f the three tracking sessions in Hackberry Bay were conducted with 
substrates attached to the drifters and both o f these tracking sessions resulted 5n  
megalopal settlement. Tracking session 17 conducted July 12-13, 1995, resuhted in the 
highest settlement (3c = 89.8, SE = 18.3) o f any tracking session conducted in* any 
location (Figure 4.10). No megalopal settlement occurred at Live Oak Bay o n  that date, 
but megalopal settlement ( 3c = 3, SE = 0.3) did occur on July 14, 1995. The hhighest 
settlement pulses at a fixed sampling site occurred at Mendicant Island on Juhy 13 and 
July 14, 1995 (3c = 176.8, SE = 16; 3c =171, SE = 33.8, respectively) and them  
decreased dramatically July 15-17, 1995 ( x  =  9.5, SE = 3; x  = 8.5, SE = 1.7;. x  = 0.8, 
SE = 0.8, respectively). There was no megalopal settlement during tracking ssession 18 
which was conducted in lower Barataria Bay on July 16-17, 1995 (Figure 4.1 HI). South 
to southwest winds occurred for approximately 3 days prior to the settlement [pulse
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Figure 4.4: Mean settlement of blue crab megalopae during tracking sessions. 
Asterisk indicates a settlement pulse.
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Figure 4.5: Mean settlement o f blue crab megalopae per day from June 24 
to June 28, 1995 at Grand Bank Bayou and Mendicant Island fixed sampling 
sites.
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Figure 4.6. Mean settlement o f blue crab megalopae per day from July 13 
to July 17,1995 at Live Oak Bay and Mendicant Island fixed sampling 
sites. Asterisks indicate settlement pulses.
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Figure 4.7. Mean settlement o f  blue crab megalopae per day from 
August 8 to August 12, 1995 at Live Oak Bay and Mendicant Island 
fixed sampling sites. Asterisks indicate settlement pulses.
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Figure 4.8: Mean settlement o f  blue crab megalopae per day from June 5 
to June 9, 1996 at Live Oak Bay and Mendicant Island fixed sampling sites.
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Figure 4.9. Drifter trajectories for tracking sessions conducted in Bay Batiste. 
Shoreline does not reflect recent changes due to erosion or subsidence.
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Figure 4.10. Drifter trajectories for tracking sessions conducted in 
Hackberry Bay. Shoreline does not reflect recent changes due to erosion 
and subsidence.
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Figure 4.11. Drifter trajectories for tracking sessions conducted in the lower 
section of Barataria Bay. Shoreline does not reflect recent changes due to 
erosion and subsidence.
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during tracking session 17 and the settlement pulses on July 12 and 13, 1995 at 
Mendicant Island (Figure 4.12). Settlement pulses occurred at Mendicant Island from 
August 8 to August 11, 1995 ( x  = 139.5, SE = 13.4; x  = 76, SE = 26.1; x  = 95.3, SE = 
21.2, x  = 65.8, SE = 17.5, respectively). SSW to SSE winds occurred for 
approximately four days prior to the settlement pulses and alternated between southerly 
to northerly winds during the duration of the sampling period (Figure 4.12). Settlement 
declined rapidly from August 11 to August 12,1995 ( x  = 1.3, SE =  1). Megalopal 
settlement in August 1995 was low at Live Oak Bay. No megalopal settlement occurred 
at Live Oak Bay on August 11 or August 12,1995.
Salinity data for the tracking sessions is summarized in  Table 4.1 and salinity 
data for fixed sampling sites is summarized in Table 4.2. Intermediate salinities (12.0- 
22.8) occurred at the Mendicant Island sampling site during the 4 monthly sampling 
periods. Settlement pulses occurred in a  narrower range o f salinities, but were still 
intermediate (16-19.6). Low salinities occurred at Live Oak Bay during all sampling 
months except June 1996 when salinities were high.
DISCUSSION
Blue crab megalopae were present in Barataria Bay from April through August 
(either on drifters or at fixed sampling sites), but the majority o f the settlement appears 
to occur in pulses. Over 79% o f  the megalopal settlement occurred in a single tracking 
session in July 1995. All settlement pulses for fixed sampling sites occurred at 
Mendicant Island. Nearly 85% of the megalopal settlement occurred in only 30% of the
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Figure 4.12. Wind velocity and direction recorded at the Coastal-Marine Automated Network (C-MAN) 
station, Grand Isle, LA from 8 April to 26 August 1995. Drifter tracking sessions and megalopal sampling 
periods at fixed sampling stations are indicated.
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Table 4.1 Salinity data for drifter tracking sessions conducted in the Barataria Basin. Salinity was not measured 
during tracking sessions 8,14, and 15, due to equipment failure. An asterisk indicates a settlement pulse.
TRACKING
SESSION
DATES LOCATION INITIAL
SALINITY
FINAL
SALINITY
7 18-19 July 1994 Bay Batiste 8.3 7.4
8 21-22 July 1994 Bay Batiste - -
9 15-16 August 1994 Barataria Bay 15.6 12.2
10 18-19 August 1994 Barataria Bay 9.1 11.0
11 12-13 September 1994 Hackberry Bay 12.5 8.4
12 18-19 April 1995 Bay Batiste 15.3 13.5
13 21 April 1995 Barataria Bay 18.6 15,5
14 16-17 May 1995 Barataria Bay - -
15 20 May 1995 Barataria Bay - -
16 23-24 June 1995 Barataria Bay 13.9 14.7
17* 12-13 July 1995 Hackberry Bay 4.7 3.8
18 16-17 July 1995 Barataria Bay 13.8 12.1
20 11-12 August 1995 Hackberry Bay 12.0 11.0
21 5-6 June 1996 Barataria Bay 13.2 14.8
22 9 June 1996 Barataria Bay 12.0 12.4
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Table 4.2. Salinities measured at Live Oak Bay and Mendicant Island during sampling periods in June, July, and 
August 1995 and June 1996. Salinity was not measured 6/24 - 6/27/95 and 6/6/96 due to equipment failure. 
Salinity was measured by ocular analysis using a refractometer 8/7/95 - 8/12/95, Asterisks indicate a settlement 
pulse.
D a te Live Oak Bay Mendicant Island
6/23/95 5.3 15.6
6/28/95 7.4 13.3
7/12/95 4.9 22.8
7/13/95 4.1 19.6*
7/14/95 3.7 16.4*
7/15/95 4.0 15,8
7/16/95 4.4 15.8
7/17/95 5,2 10.7
8/7/95 11 19
8/8/95 11 17*
8/9/95 12 17*
8/10/95 11 15*
8/11/95 10 16*
8/12/95 11 16
6/4/96 16.9 12.9
6/5/96 16,0 13,5
6/6/96 Not Measured Not Measured
6/7/96 15.2 12.0
6/8/96 13.8 13.9
6/9/96 12.4 14.2
total sampling time (6 o f 20 days) at the Mendicant Island sampling site. A settlement 
pulse started on the first day o f sampling in July and August at the Mendicant Island 
sampling site. This suggests that settlement pulses could have occurred prior to the start 
o f  the sampling period, meaning that settlement pulses longer than four days (the length 
o f the longest settlement pulse) may be possible. Both settlement pulses were preceded 
by southerly winds for a period o f 3-4 days. Southerly winds occurring over the shelf 
waters would most likely result in an inflow o f shelf water into the estuary and could set 
up a northerly drift within the estuary. If  megalopae are present in the shelf waters 
when these onshore winds occur, megalopae could be transported into the estuary.
Rabalais et al. (1995) compared salinity with monthly mean settlement o f  blue 
crab megalopae during the months of July, August, and September in 1991 and 1992 at 
four estuaries in the northern Gulf o f Mexico. They found that the greatest settlement 
occurred in intermediate salinities, but that settlement generally declined with distance 
from the mouth o f the estuary. In Barataria Bay, this was true for the fixed sampling 
sites, but was not true for the tracking sessions. If  blue crab megalopae in Barataria Bay 
occur in a patchy distributions (in both time and space), then megalopae could fail to 
encounter settlement substrates which could explain the low settlement during many o f 
the tracking sessions. In a study at the mouth o f the Deleware Bay, Epifanio et al.
(1984) found that blue crab megalopae were distributed in a patchy manner in both time 
and space. They also found that swarms of megalopae appeared to be well defined in 
space and that an occurrence of a swarm in the neuston rarely coincided with the
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occurrence o f a swarm in the surface water only 2 m  below. In a study in the York 
River, VA, Olmi e t al. (1990) found that planktonic blue crab megalopae were fairly 
homogeneous to spatial scales o f 1-2 m, but varied at spatial scales of hundreds o f 
meters (between sites) and kilometers (between areas).
Settlement at Live Oak Bay was low in all months sampled. Live Oak Bay, 
which is located on the west side of Hackberry Bay, was selected as a sampling site after 
tracking session 11 resulted in transport into Live Oak Bay (See Figure 4.10). In 1995, 
tracking session 17 and 20 indicated that the majority o f  the current flow in Hackberry 
Bay was primarily NW-SE rather than being more E-W as was observed in tracking 
session 11 (Figure 4.10). If  this was the primary pattern o f transport, major settlement 
in Live Oak Bay would be unlikely to occur, except at times when winds enhanced 
transport to the south and west.
CONCLUSIONS
The abundances o f blue crab megalopae within Barataria Bay appear to be 
variable in both tim e and space. Megalopae are present in Barataria Bay from at least 
April through August. Most megalopal recruitment appears to occur in episodic pulses 
in July and August and can occur over periods of four days (and may occur for longer 
periods o f time). Settlement pulses were associated with southerly winds occurring for 
periods o f at least three days. Settlement can occur in both low and intermediate 
salinities, although most settlement appears to occur in intermediate salinities.
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CHAPTER 5: SUM M ARY AND FUTURE STUDIES
SUMMARY
The purpose o f this study was to characterize the flow field using drifter tracking 
in three locations within Barataria Bay and to interpret the results in relation to the 
transport and recruitment o f planktonic larvae. Blue crab (Callinectes sapidus Rathbun) 
was chosen as a model species for this study and passive sampling o f blue crab 
postlarvae (megalopae) at fixed sampling sites and on drifters moving in tidal currents 
was conducted.
At time scales o f a tidal cycle (diumal) or less, tides appear to be the most 
important factor determining advection within Barataria Bay (including Hackberry Bay 
and Bay Batiste). In thirteen o f  the fifteen tracking sessions, up-estuary advection 
occurred during flood tide and down-estuary advection occurred during ebb tide. Flood 
tide excursion is greatest in the main section of Barataria Bay and can exceed 9,400 m. 
Wind forcing appeared to be very important in altering the direction o f the tidal 
advection, but this varied within and between locations. By altering the direction of the 
tidal advection, wind events may increase the encounter rates by larvae with vegetated 
shorelines which will effect settlement and recruitment rates. Coastal topography and 
bottom bathymetry also can alter the direction of the tidal excursions and varied within 
and between locations. Flow field separation around a headland was observed and 
resulting in significant dispersion.
In Bay Batiste, maximum  current velocities can range from 15 to 30 cm s'1 
during ebb tide and 17 to 21 cm s '1 during flood tide. Maximum current velocities in
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Hackberry Bay can range from 13 to 33 cm s'1 during ebb tide and 8 to 33 cm s'1 dining 
flood tide. In Barataria Bay, maxim um  ebb tide current speeds can range from 16 to 41 
cm s '1 and maximum flood tide current speeds can range from 17 to 41 cm s'1.
The order of magnitude for mean horizontal divergence and mean stretching 
deformation can range from 10'5 to 10-4 s '1 during ebb and flood tide in Bay Batiste, 
Hackberry Bay, and Barataria Bay. The order o f magnitude for mean shearing 
deformation rates can range from 1045 to 10"4 s '1 during ebb tide and 10'7 s '1 to 10"4 s '1 
during flood tide. The order o f magnitude for mean relative vorticty was 10"6 to 10-4 s '1 
during both ebb and flood tides, although the ranges were generally larger dining flood 
tide. In a  drifter study conducted in the open water o f the Gulf o f Mexico, Ichiye et a l 
(1981) found that horizontal divergence was on the order of magnitude o f 10"4; 
stretching deformation rate was on the order o f lO"4 to 10'3 s '1. They found that shearing 
deformation rate, and vorticity changed their sign and their magnitudes regularly (as was 
also observed in this study). This suggests that in Barataria Bay, horizontal divergence 
is an order o f magnitude smaller and stretching deformation is one to two orders of 
magnitude smaller than in the open water o f the Gulf of Mexico.
Mean B x (increase in the patch variance in the a direction) and B3 (increase in the 
patch variance in the b direction) were both variable and ranged from less than a meter 
to greater than four meters over each five-minute time interval. Increases in horizontal 
divergence and stretching deformation rates did not always result in increases in patch 
variances. This may have been due to the inclusion of diffusivities in their calculations.
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The retention o f  larvae appears to be greatest in Hackberry Bay. Larvae within 3 
km o f  a  tidal pass that are unable to avoid ebb tide currents may be exported from 
Barataria Bay.
Blue crab megalopae are present in Barataria Bay from at least April through 
August, but their abundances within Barataria Bay appear to be variable in both time 
and space. Most blue crab megalopal recruitment appears to be episodic which suggests 
a patchy distribution in time and space. Most settlement appears to occur in July and 
August. Settlement pulses can occur over periods o f  up to four days (and may occur for 
longer periods o f time) and were associated with southerly winds occurring for periods 
o f  at least three days. Blue crab megalopae settlement occurred in all locations and in 
low and intermediate salinities, although settlement was greater in the lower section o f 
Barataria Bay (and in closer proximity to the tidal passes) where intermediate salinities 
were found most often. These results support those o f  Rabalais, et al. (1995) where they 
found that the greatest blue crab megalopal settlement occurred in intermediate salinities 
and declined with distance from the mouth of an estuary.
RECOMM ENDATIONS FO R  FUTURE STUDY 
Results from the limited number o f tracking sessions suggest that additional 
tracking sessions should be performed to be able to characterize the flow field in each 
location. It would also be useful to conduct tracking sessions during other times of the 
year. To allow for more accurate calculations o f current speeds, deformations, and 
patch variances, the number o f  drifters should also be increased. This will require 
additional boats and personnel to remain with the additional drifters.
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Fitting each drifter with differentially-corrected GPS receivers would allow 
more frequent and simultaneous field measurements of drifter coordinates, thereby 
eliminating the need for interpolating drifter coordinates using a spline function and the 
associated error. Even if  drifters are fitted with GPS receivers, leaving the drifters 
unattended for extended periods o f time is not recommended due to the possibility o f 
grounding or loss.
Because tracking sessions were conducted over the period o f a tidal cycle or less, 
it was not possible to investigate subtidal flow. To obtain information on subtidal flow, 
drifter tracking sessions will need to remain in the water over multiple tidal cycles.
To obtain a  better understanding o f the recruitment o f blue crab megalopae to 
Barataria Bay, sampling should be continuous so that settlement pulses are detected.
The number o f fixed sampling sites should also be increased. This would provide a 
better understanding o f the spatial distribution o f megalopae within the bay over time.
194
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LITERATURE CITED
Akima, H. 1970. A  new method o f interpolation and smooth curve fitting based on local 
procedures. Journal o f the ACM 17: 589-602.
Armonies, W. and M. Hellwig-Armonies. 1992. Passive settlement o f Macoma balthica 
spat on tidal flats o f  the Wadden Sea and subsequent migration of juveniles. 
Netherlands Journal o f Sea Research 25: 371-378.
Awaji, T. 1982. Water mixing in a  tidal current and the effect o f turbulence on tidal 
exchange through a strait. Journal o f Physical Oceanography 12: 501-514.
Barrett, B. B. 1971. Cooperative Gulf o f Mexico estuarine inventory and study, 
Louisiana. Phase II and phase EL Baton Rouge, Louisiana Wildlife and 
Fisheries Commission. 191 pp.
Biocourt, W. C. 1982. Estuarine larval retention mechanisms on two scales, in Estuarine 
Comparisons. V. Kennedy. New York, Academic Press: 445-457.
Bowden, K. F. 1963. The mixing processes in a tidal estuary. Journal of Air and Water 
Pollution 7: 343-356.
Bowden, K. F. 1967. Circulation and diffusion. Estuaries 83: 11-36.
Boylan, J. M. and E. L. Wenner. 1993. Settlement of brachyuran megalopae in a South 
Carolina, USA, estuary. Marine Ecology-Progress Series 97: 237-246.
Brookins, K. G. and C. E. Epifanio. 1985. Abundance o f brachyuran larvae in a small 
coastal inlet over six consecutive tidal cycles. Estuaries 8: 60-67.
Byrne, P., G. Borengasser, G. Drew, R. A. Muller, B. L. Smith Jr. and C. Wax. 1976. 
Barataria basin: hydrological and climatologic processes. Baton Rouge, 
Louisiana State University, Center for Wetland Resources. 191 pp.
Chuang, W.-S. and W. J. Wiseman, Jr. 1983. Coastal sea level response to frontal
passages on the Louisiana-Texas Shelf. Journal o f Geophysical Research 88: 
2615-2620.
Costlow, J. D. and C. G. Bookout 1965. The effect of environmental factors on larval 
development o f crabs, in Biological Problems in Water Pollution, U.S. Public 
Health Service, Pub. No. 999-WP-25. 3: 77-96.
195
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Costlow, J. D. J. 1976. The effect o f salinity and temperature on survival and
metamorphosis of megalops of the blue crab Callinectes sapidus. Helgolander 
wiss Meeresunters 15: 84-97.
Csanady, G. T. 1973. Turbulent diffusion in the environment. Dordrecht, D. Reidel 
Publishing Co. 248 pp.
Davis, R. E. 1981. An inexpensive drifter for surface currents. 7 pp.
de Wolf, P. 1973. Ecological observation on the mechanisms o f dispersal o f barnacle 
larvae during planktonic life and settling. Netherlands Journal o f  Sea Research 
6: 1-129.
Denes, T. A. and J. M. Caffiey. 1988. Changes in seasonal water transport in a 
Louisiana estuary, Fourleague Bay, Louisiana. Estuaries 11: 184-191.
DeVries, M. C., R. A. Tankersley, R. B. Forward, Jr., W. W. Kirby-Smith and R. A. 
Luettich, Jr. 1994. Abundance o f estuarine crab larvae is associated with tidal 
hydrologic variables. Marine Biology 118:403-413.
Dittel, A. I. and C. E. Epifanio. 1982. Seasonal abundances and vertical distribution o f 
crab larvae in Delaware Bay, USA. Estuaries 5: 709-718.
Epifanio, C. E. 1988. Transport o f invertebrate larvae between estuaries and the 
continental shelf. American Fisheries Society Symposium 3: 104-114.
Epifanio, C. E., A. K. Masse and R. W. Garvine. 1989. Transport o f blue crab larvae by 
surface currents off Delaware Bay, USA. Marine Ecology Progress Series 54: 
35-41.
Epifanio, C. E., C. C. Valenti and A. E. Pembroke. 1984. Dispersal and recruitment o f 
blue crab larvae in Delaware Bay, U.S.A. Estuarine, Coastal and Shelf Science 
18: 1-12.
Fischer, H. B., E. J. List, C. Y. Kho, J. Imberger andN. H. Brooks 1979. Mixing in 
inland and coastal waters. New York, Academic Press. 483 pp.
Geyer, W. R. 1997. Influence o f wind on dynamics and flushing of shallow estuaries. 
Estuarine, Coastal and Shelf Science 44: 713-722.
Geyer, W. R. and R. P. Signell. 1992. A reassessment of the role o f tidal dispersion in 
estuaries and bays. Estuaries 15: 97-108.
196
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Goodrich, D. M. 1988. On meteorologically induced flushing in three U.S. east coast 
estuaries. Estuarine, Coastal and Shelf Science 26: 111-121.
Goodrich, D. M., J. van Montfrans and R. J. Orth. 1989. Blue crab megalopal influx to 
Chesapeake Bay: evidence for a wind-driven mechanism. Estuarine, Coastal and 
Shelf Science 29: 247-260.
Ichiye, T., M. Inoue and M. Carnes 1981. Horizontal diffusion in ocean dumping
experiments in Ocean Dumping o f Industrial Wastes, Marine Science, Vol. 12. 
Edited by B. H. Ketchum, D. R. Kester and P. K. Park. New York, Plenum 
Press: 131-159.
Inoue, M. and W. J. Wiseman, Jr. 2000. Transport, mixing, and stirring processes in a 
Louisiana estuary: a model study. Estuarine, Coastal and Shelf Science 50: 
449-466.
Johnson, D. F. 1985. The distribution o f brachyuran crustacean megalopae in the waters 
o f the York River, lower Chesapeake Bay and adjacent shelf: implicaitons for 
recruitment. Estuarine, Coastal and Shelf Science 20: 693-705.
Lee, J. M., W. J. Wiseman, Jr. and F. J. Kelly. 1990. Baratropic, subtidal exchange 
between Calcasieu Lake and the Gulf o f  Mexico. Estuaries 13: 258-264.
Lewis, R. 1997. Dispersion in estuaries and coastal waters. Chichester, John Wiley & 
Sons. 312 pp.
Lipcius, R. N., E. J. Olmi, III and J. van Montfrans. 1990. Planktonic availability, molt 
stage and settlement of blue crab postlarvae. Marine Ecology-Progress Series 58: 
235-242.
Little, K. T. 1990. Mechanism for the reinvasion o f  the Atlantic blue crab, Callinectes 
sapidus (Rathbun), into the Delaware estuary. Bulletin o f Marine Science 46:
247
Little, K. T. and C. E. Epifanio. 1991. Mechanism for the re-invasion o f an estuary by 
two species o f  brachyuran megalopae. Marine Ecology-Progress Series 68: 235- 
242.
Lochmann, S. E., R. M. Darnell and J. D. McEachran. 1995. Temporal and vertical 
distribution o f  crab larvae in a tidal pass. Estuaries 18: 255-263.
Luckenbach, M. W. and R. J. Orth. 1992. Swimming velocities and behavior of blue 
crab (Callinectes sapidus Rathbun) megalopae in still and flowing water. 
Estuaries 15: 186-192.
197
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Madden, C. J., J. W. Day, Jr. and J. M. Ramdall. 1988. Freshwater and marine coupling 
in estuaries o f the Mississippi River deltaic plain. Limnology and Oceanography 
33: 982-1004.
Manner, H. 1954. Tides and sea level in the Gulf o f Mexico. Fishery Bulletin 55: 
101-118.
McConaugha, J. R., D. F. Johnson, A. J. Provenzano and R. C. Maris. 1983. Seasonal
distribution o f  larvae of Callinectes sapidus (Crustacea: Decapoda) in the waters 
adjacent to Chesapeake Bay. Journal o f Crustacean Biology 3: 582-591.
Mense, D. J. and E. L. Wenner. 1989. Distribution and abundance of early life history 
stages o f the blue crab, Callinectes sapidus, in tidal marsh creeks near 
Charleston, SC. Estuaries 12:157-168.
Morgan, S. G. 1995. Life and death in the plankton: larval mortality and adaptation, in 
Ecology of Marine Invertebrate Larvae. Edited by L. R. McEdward. Boca Raton, 
CRC Press: 279-321.
Morgan, S. G., R. K. Zimmerfaust, K. L. Heck and L. D. Coen. 1996. Population 
regulation o f blue crabs Callinectes sapidus in the northern Gulf of Mexico: 
postlarval supply. Marine Ecological-Progress Series 133: 73-88.
Okubo, A. 1973. Effect o f shoreline irregularities on streamwise dispersion in estuaries 
and other embayments. Netherlands Journal o f Sea Research 6: 213-224.
Okubo, A. and C. C. Ebbesmeyer. 1976. Determination of vorticity, divergence, and
deformation rates from analysis of drogue observations. Deep-Sea Research 23: 
349-352.
Okubo, A., C. C. Ebbesmeyer and J. M. Helseth. 1976. Determination of Lagrangian 
deformations from analysis of current followers. Journal of Physical 
Oceanography 6: 524-527.
Okubo, A., C. C. Ebbesmeyer and B. G. Sanderson. 1983. Lagrangian diffusion 
equation and its application to oceanic dispersion. Journal o f the 
Oceanographical Society o f Japan 39: 259-266.
Olmi, E. J., ID, J. van Montfrans, R. N. Lipcius, R. J. Orth and P. W. Sadler. 1990.
Variation in planktonic availability and settlement o f blue crab megalopae in the 
York River, Virginia. Bulletin of Marine Science 46: 230-243.
Omori, M. and T. Ekeda 1984. Methods in marine zooplankton ecology. New York,
John Wiley & Sons Inc. 311 pp.
198
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Park, D. 1998. A modeling study o f the Barataria Basin system, Masters Thesis, 
Louisiana State University and A & M College. 133 pp
Perry, H. M. 1975. The blue crab fishery in Mississippi. G ulf Research Reports 5: 39- 
57.
Pietrafesa, L. J. and G. S. Janowitz. 1988. Oceanographic effects on larval transport to 
estuaries. American Fisheries Society Symposium 3: 34-50.
Pond, S. and G. L. Pickard 1983. Introductory dynamical oceanography. Oxford, 
Pergamon Press. 329 pp.
Power, J. H. 1996. Simulations o f the effect of advective-diffusive processes on
observations of plankton abundance and population rates. Journal o f Plankton 
Research 18: 1881-1896.
Pritchard, D. W. 1960. The movement and mixing of contaminants in tidal estuaries, in 
Waste Disposal in the Marine Environment. Edited by E. A. Pearson. Oxford, 
Pergamon Press: 512-525.
Provenzano, A. J., Jr., J. R. McConaugha, K. B. Philips, D. F. Johnson and J. Clark. 
1983. Vertical distribution of first stage larvae o f the blue crab, Callinectes 
sapidus, at the mouth o f Chesapeake Bay. Estuarine, Coastal and Shelf Science 
16:489-499.
Rabalais, N. N., F. R. Burditt, L. D. Coen, B. E. Cole, C. Eleuterius, K. L. Heck, T. A. 
Mctigue, S. G. Morgan, H. M. Perry, F. M. Truesdale, R. K. Zimmerfaust and R. 
J. Zimmerman. 1995. Settlement of Callinectes sapidus megalopae on artificial 
collectors in four Gulf o f Mexico estuaries. Bulletin o f Marine Science 57: 855- 
876.
Sanderson, B. G. and A. Okubo. 1986. An analytical calculation o f two-dimensional 
dispersion. Journal o f the Oceanographical Society o f Japan 42: 139-153.
Sanderson, B. G., A. Okubo, I. T. Webster, S. Kioroglou and R. S. Appeldom. 1995. 
Observations and idealized models of dispersion on the southwestern Puerto 
Rican insular shelf. Mathematical and Computer Modelling 21: 39-63.
Sanderson, B. G., B. K. Pal and A. Goulding. 1988. Calculation o f unbiased estimates 
o f the magnitude of residual velocities from a small number of drogue 
trajectories. Journal o f Geophysical Research (Oceans) 93: 8161-8162.
199
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Sandifer, P. A. 1975. The role o f pelagic larvae in recruitment to populations o f adult 
decapod crustaceans in the York River estuary and adjacent lower Chesapeake 
Bay, Virginia. Estuarine, Coastal and Shelf Science 3: 269-279.
Saucier, W. J. 1953. Horizontal deformation in  atmospheric motion. Transactions, 
American Geophysical Union 34: 709-719.
Shanks, A. L. 1995. Mechanisms o f cross-shelf dispersal o f larval invertebrates and fish. 
Ecology of Marine Invertebrate Larvae. L. R. McEdward. Boca Raton, CRC 
Press: 323-367.
Signell, R. P. and W. R. Geyer 1990. Numerical simulation o f tidal dispersion around a 
coastal headland, in Residual currents and long-term transport in estuaries and 
bays. Edited by R. T. Cheng. New York, Springer-Verlag: 210-222.
Stewart, H. J. 1945. Kinematics and dynamics o f fluid flow. Handbook o f Metoerology, 
McGraw-Hill: 412-419.
Stuck, K. C. and H. M. Perry. 1981. Observations on the distribution and seasonality of 
portunid megalopae in Mississippi coastal waters. Gulf Research Reports 7: 
93-95.
Stuck, K. C., S. Y. Wang and R. W. Heard. Identification of Portunidae megalopae and 
early juvenile stage crabs from Mississippi coastal waters.
Sulkin, S. D. 1975. The significance of diet in the growth and development of larvae of 
the blue crab, Callinectes sapidus Rathbun, under laboratory conditions. Journal 
o f  Experimental Marine Biology and Ecology 20: 119-135.
Sulkin, S. D. 1978. Nutritional requirements during larval development of the portunid 
crab, Callinectes sapidus Rathbun. Journal o f Experimental Marine Biology and 
Ecology 34: 29-41.
Sulkin, S. D. and C. E. Epifanio 1986. A conceptual model for recruitment of the blue 
crab, Callinectes sapidus Rathbun, to estuaries o f the Middle Atlantic Bight. 
North Pacific Workshop on Stock Assessment and Management of 
Invertebrates: 117-123.
Sulkin, S. D. and W. F. Van Heukelem. 1986. Variability in the length of the megalopal 
stage and its consequence to dispersal and recruitment in the portunid crab 
Callinectes sapidus Rathbun. Bulletin o f Marine Science 39: 269-278.
200
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Tankersley, R. A. and R. B. Forward, Jr. 1994. Endogenous swimming rhythms in
estuarine crab megalopae: implications for flood-tide transport. Marine Biology: 
415-423.
Truesdale, F. M. and B. L. Andryszak. 1983. Occurrence and distribution o f  reptant 
decapod crustacean larvae in neritic Louisiana waters: July 1976. 26: 37-53.
van Montfrans, J., C. E. Epifanio, D. M. Knott, R. N. Lipcius, D. J. Mense, K. S.
Metcalf, E. J. Olmi, R. J. Orth, M. H. Poey, E. L. Wenner and T. L. West. 1995. 
Settlement of blue crab postlarvae in western North Atlantic estuaries. Bulletin 
o f  Marine Science 57: 834-854.
van Montfrans, J., C. A. Peery and R. J. Orth. 1990. Daily, monthly and annual
settlement patterns by Callinectes sapidus and Neopanope sayi megalopae on 
artificial collectors deployed in the York River, Virginia: 1985-1988. Bulletin of 
Marine Science 46: 214-229.
Ward, G. H., Jr. 1980. Hydrography and circulation processes of Gulf estuaries.
Estuarine and Coastal Processes: with emphasis on Modeling. D. Hamilton and 
K. R. McDonald. New York, Plenum Press: 183-215.
Wiafe, G. and C. L. J. Frid. 1996. Short-term temporal variation in coastal zooplankton 
communities: the relative importance o f physical and biological mechanisms. 
Journal o f  Plankton Research 18: 1485-1501.
Williams, A. B. 1971. A ten-year study o f  meroplankton in North Carolina estuaries: 
annual occurrence o f some brachyuran developmental stages. Chesapeake 
Science 12: 53-61.
Wiseman, W. J., Jr. 1986. Estuarine-shelf interactions, in Baroclinic Responses on
Continental Shelves. Edited by C. N. K. Mooers. Washington, D.C., American 
Geophysical Union: 109-115.
Wiseman, W. J., Jr., W. W. Schroeder and S. P. Dinnel. 1988. Shelf-estuarine water 
exchanges between the Gulf o f  Mexico and Mobile Bay, Alabama. American 
Fisheries Society Symposium 3: 1-8.
Zetler, B. and D. Hansen. 1970. Tides in  the G ulf o f Mexico - a review and a proposed 
program. Bulletin o f Marine Science 20: 57-69.
201
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
VITA
Terry L. Schaefer was bom  on October 19,1955, in Eugene, Oregon, the son o f Harley 
and Jean Schaefer. He attended Patrick Henry Elementary School, Fremont Junior High 
School, and graduated from Anaheim High School in Anaheim, California in May,
1973. He entered Fullerton College in August 1974 and received an associate in arts 
degree in fish and wildlife, May 1976. He then entered Humboldt State University in 
September 1976 and received a bachelor o f science degree in wildlife management in 
August 1978. Mr. Schaefer worked for the U.S. Army Corps o f  Engineers and the 
National Park Service as a Park Ranger from November 1979 through August 1990.
He entered the University o f West Florida in August 1990 and received a master o f 
science degree in biology/coastal zone studies, December 1996. Mr. Schaefer entered 
the graduate program in the Department of Oceanography and Coastal Sciences at 
Louisiana State University in August 1992. He received his doctor of philosophy 
degree in May 2001.
202
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
DOCTORAL EXAM INATION AND D IS S E R T A T IO N  REPORT
C a n d i d a t e :
M a jo r  F i e l d :
T i t l e  o f  D i s s e r t a t i o n :
D a t e  o f  E x a m in a t io n :
D e c e m b e r  1 4 .  2Q 0Q ---------------
T e r r y  S c h a e f e r
O c e a n o g r a p h y  a n d  C o a s t a l  S c i e n c e s
A  D r i f t e r  S t u d y  o f  A d v e c t i o n ,  D e f o r m a t i o n s ,  a n d  
P a t c h  V a r i a n c e s  w i t h  A p p l i c a t i o n s  t o  L a r v a l  T r a n s p o r t  
a n d  D i s p e r s a l  i n  B a r a t a r i a  B a y ,  L o u i s i a n a
A p p r o v e d :
Chairman
a d l i a t e  S c h o o l
EXAMINING COMMITTEE:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
